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Now-—Cut Nuclear Power Costs 
with the Spectral Shift Control Reactor 


The Babcock & Wilcox Company 
presents a high capacity reactor 
which incorporates significant im- 
provements in neutron economy, 
power distribution within the core, 
and core lifetime. The Spectral Shift 
Control Reactor (SSCR) is the out- 
growth of extensive research and 
engineering on the time-proven 
pressurized water concept. It operates 
with a mixture of heavy and light 
water which shifts the neutron 
spectrum so as to control resonance 
absorption in the fertile material 
during the life of the core. As the 
reactor is operated, the addition of 
light water makes neutrons available 
to sustain criticality for substantially 
increasing core lifetime. 


NEUTRON ECONOMY 
The excess mass of fuel required for 
long core lifetime is controlled by 
heavy water instead of neutron- 
absorbing materials, such as control 
rods or soluble poisons. In fact, at 
full power the SSCR operates with 
most of its control rods completely 
withdrawn. Neutrons which in other 
reactors would be wastefully ab- 
sorbed in control rods, or soluble 
poisons, are instead absorbed in the 
fertile material to produce new fuel. 
Conversion ratio is improved for both 
thorium and low enrichment ura- 
nium cycles, resulting in extended 
core life. A breeding ratio greater 
than unity may ultimately be 
achieved with recycled U-233 fuel. 
The inherent neutron savings alone 
in the SSCR make it an important 
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step toward the achievement of 
economic power. 


POWER FLATTENING 

In other water reactors, control rods 
in the core distort the power distri- 
bution. The reduced number of rods 
in the SSCR core provides the highest 
degree of power flattening available 
in any reactor today over the entire 
core life. For this reason, the SSCR 
core can produce substantially more 
power than other reactor cores of 
comparable size. Substantial savings 
in unit capital costs of the reactor 
primary loop, shielding, and con- 
tainment are thus achieved. 


LONGER CORE LIFE 
The ability of D,O to hold down 
excess reactivity permits a high initial 
fuel loading which allows core life- 
time to be extended far beyond the 
margins presently imposed by ma- 
terial limitations. Since irradiation 
damage to oxide fuels appears to be 
inconsequential, lifetimes of future 
cores may be limited only by neutron 


absorption in the fission products 
themselves. 


FLEXIBILITY 

The SSCR can control various 
amounts of excess reactivity permit- 
ting ready adaptation to future cores 
that have the optimum combination 
of fuel type enrichment and cladding. 
Benefits from the thorium-uranium 
233 fuel cycle, when it is developed, 
can be immediately attained. 

Recently, the Atomic Energy 
Commission awarded to B&W a 
million dollar contract for critical 
and exponential experiments on the 
mixed water moderator principle. 
The information obtained will be 
valuable in furthering the develop- 
ment and application of all reactor 
designs utilizing mixed moderators, 
including the SSCR. The combina- 
tion of the Spectral Shift Control 
concept with the advanced tech- 
nology of the pressurized water 
reactor yields one of the most ad- 
vanced nuclear power reactors that 
can be offered to the utility industry 
today. The Babcock & Wilcox Com- 
pany, 161 East 42nd Street, New 
York 17, New York. 





Physicists, metallurgists, radio chemists 
and reactor engineers will find oppor- 
tunities to work on this and other 
interesting reactor concepts at BOW. 
Address inquiries to W. F. Porter, 
Personnel Manager, Atomic Energy 
Division, The Babcock & Wilcox Com- 
pany, 1201 Kemper Street, Lynchburg, 
Va.; or phone collect, Victor 6-6521. 


THE BABCOCK & WILCOX COMPANY 
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TELEFLEX 
FLUX-MAPPING 
SYSTEMS give speedy, 


accurate core observations, 
power distribution control 


Every feature of the TELEFLEXx System 
points toward more effective control 
of reactor power capability. This 
advanced system produces accurate 


reliable flux level measurements, and 











Typical TeLEFLEX flux-mapping 
system, originating and 
remotely controlled from the 
safe vantage point of the main 
Station control room. 


quickly .a complete map can be 
obtained in approximately one hour 
As a result of more exact under- 
standing of fuel burnup and control 
rod programming, more economical 
5 refueling techniques and more effi- 
cient core power distribution at all 


power levels is possible. 


The TELEFLEX System is a proved 
electronic-mechanical package, 
completely integrated and automatic 
The principal component is TELEFLEX 
flexible cable, providing the means 
for unlimited accessibility to remote, 
normally inaccessible areas. The 
TeELEFLEX System inserts flux wires 
into core thimbles, regulates wire 
exposure, automatically retracts 
exposed wires, passes irradiated wires 
through a counter-readout device, 
records activity of each wire and its 
accurate location. 

The TELeFLEX System is basically 


simple, and lends itself to many 


reactor design configurations. Pos- 





sibilities have by no means been 
exhausted. For some idea of all that 
TeLeFLEX has to offer you, get in 
touch with TELEFLEX nuclear-trained 


engineers and research people. 


i 

) . rELEFLEX 
1. Tevercex helical flexible 2. Electro-mechanical drive 3. Remote control system in- 

cable provides accurate and comprised of specially-hobbed cludes counters, readout and INCORPORATED 

positive remote positioning wheel, gearmotor and com- recording devices; may be NUCLEAR PRODUCTS DIVISION 

of flux wires. pact cable-storage magazine located anywhere. NORTH WALES, PENNSYLVANIA 
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She’s a Beauty! 


The lovely setting in which the Yan- 
kee reactor has been located (look again 
at our four-color cover, the first such 
one in our history) has roused a mood 
of appreciation in us that extends to 
Not only is Yankee 
in beautiful surroundings but the plant 


the reactor itself. 
itself is a beauty, we feel. The six-page 
foldout on page 53, (ninth in our con- 
tinuing series describing reactors 
as-built), will show you some of the 
But be- 
yond that the plant was built ahead of 


reasons for our enthusiasm. 


schedule and—wonder of wonders 
below budget (see p. 59) 

Yankee represents the second gener- 
ation of pressurized-water reactors and 
shows important improvements over 
its predecessor, Shippingport. What 
with the AEC’s 10-year program for 
reactor improvements and the Southern 
California Edison plans for up to four 
large, third-generation PWR’s, only a 
hard-bitten realist would refuse to be- 
lieve that economic nuclear power. is 
just around the corner. If they all get 
sited as handsomely as Yankee, touring 
the nation’s many power-reactor sites 
in the late 1960’s will be a pleasure 


indeed. 


More on Zircaloy 


We commend to your attention the 
article by Robertson and Notley on 
p. 77; it tells of favorable test results 
with Zircaloy-clad oxide fuel having a 
nonnegligible amount of fluoride in the 
UO,. It’s part of our continuing atten- 
tion to an important question for the 
nuclear industry, namely the suitability 
of Zircaloy as a cladding material for 
high-temperature water reactors. As 
discussed in our recently 


was pages 





(“Zirealoy Cladding Performs Well in 
PWR” by B. Lustman, et al., NU, Jan. 
‘61, p. 58) the difficulties encountered 
at the Dresden reactor have cast a pall 
over Zircaloy. Since General Electric, 
as the reactor builder for Dresden, is so 
intimately asked 
them for a statement of their position, 
with the 
To round out your picture be 


involved we have 


which appears Robertson 
article. 
sure to read the comments of Milton 
Edlund of Babeock & Wileox 


William Shoupp of Westinghouse that 


and 


appear in our Nuclear Reactions (let- 
ters to the editor) column this month. 
letters to the 


write us more olten 


Speaking of editor 


we wish you'd 
as suits an industry full of dynami 


people and interesting controversies 


We Were There 


The closing date for this column is 
such that we were not able to comment 


last month on our own coverage of the 


SL-1 accident that occupied most ol 
We fee] 


the SL-1 accident is of extreme inter- 


the news section in that issue 


est to all of our readers and have fol- 
lowed up the news-type coverage of 


February with an eight-page technical 


presentation (p. 62) based on a talk 
given by AKC’s Director of Reactor 
Development Frank Pittman. Even 


as these lines are being written we’ re 
waiting on release on the interim report 
of the Board of Inquiry into the Idaho 
accident and hope to include some of it 
too When the 


submitted (which may not be for many 


Soard’s final report is 


will transmit it to you as 
Official Accident Re- 
expressed editori- 


weeks) we 
another of our 
ports. Our policy 
ally back in May 
dents 


1956: reactor acci 
are evervbody’s business. 


Tue Epirors 
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NONDESTRUCTIVE TESTING 


Just Out. Today's meth- 
ods of nondestructive test- 
ing—together with the ad- 
vantages and limitations 
of each—are clearly ex- 
plained in this authorita- 
tive book. Helps you more 
effectively determine the 
physical properties, or 
nonuniformities in physical 
propertice, of materials. 
fere is a working, ap- 
_ approach that out- 
ines the what, why, how, 
a and where of this 
sogidly developing _ tech- 
Covers visual test- 
ing,  Nicuid penetrant in- 
spection, ultrasonics, eddy 
current techniques, and a 
semen of other topics. 
mne National 
tables, $15.00 








By ee 5 A 
Laboratory. 457 pp., Con tine. 


PLASMA PHYSICS 


Just Out. Here is broad coverage of the field of 
plasma physics providing facts and data on such 
controlled 


areas as quantum plasma er, 
nuclear fission, and the aerodynamic aspects of 
magnetohydrodynamics. amples of ‘current 


plasma physics research are discussed and actual 
methods are outlined. The electrical properties 
of high altitude shock wave plasmas, examples 
of microwave plasma calculations, relativistic 
self-focusing streams, and the statistical mechan- 
ics of plasmas are among the many topics 
covered. By James E. rummond, Boeing 
Scientific Research Laboratories. 386 pp., 92 
ilius., $12.50 
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Just Out-2nd Series. This reference brings you 
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environment, and technology. Nuclear shell 
structure, electron scattering, particle accelera- 
tors, electrons and nuclei in ideal crystals, 
superconductivity, and magnetohydrodynamic 
waves are among the subjects covered. The book 
also discusses radio astronomy, the origin of the 
earth’s magnetic field, controlled thermonuclear 
fusion, nuclear reactors, and other areas 
Edited by Louis N. Ridenour; and William A. 
Nierenbe: Univ. of Cal., 

400 pp., "Too illus., $9.50 
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organizations, and the book also covers spelling 
and hyphenation. Here is reliable access to 
pecnine meanings of new words that have evolved 
rom modern technical pevapess «+» easy ref- 
erence to engineering and military abbreviations 
By Nelson er Cocke, Cod Cooke Engineering Co.; 
and John Markus Dictionary Department, Mc- 
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Ediund, Shoupp on Zircaloy 


Dear Sir: 

The status of Zircaloy fuel cladding 
for civilian power reactors is one of the 
most important unknowns if not the 
most important unknown, facing the 
atomic energy industry at this time. 
There is a real question as to whether 
water reactors can be made economi- 
cally competitive without the use of a 
low-cross-section cladding material 
such as Zircaloy. At the present time, 
as Lustman (NU, Jan. ’61, p. 58) 
points out, Zircaloy-2 has been success- 
full in Shippingport. This experience, 

1 addition to results of numerous tests 
performed at various laboratories, 
shows that Zircaloy-2 
power reactors under certain limiting 
conditions of temperature, heat flux 


can be used in 


and operating time. 

A complete perspective on Zircaloy 
cladding must take into account the 
results of tests already performed on 


Zircaloy-4; there is substantial evi- 
dence that the hydrogen pickup in 
Zircaloy-4 is considerably less than 


that of Zircaloy-2. Further confirma- 
tion of the reduced hydriding of Zirca- 
loy-4 should permit operation at tem- 
peratures, heat fluxes and operating 
lifetimes required for lower fuel costs. 
Some indicate the 
possibility of suppressing the hydriding 
reaction by maintaining an excess oxy- 


experiments 


gen concentration in the coolant water. 
This, raises questions with 
respect to other materials in the pri- 
mary system. M. EDLUND 
Manager, Development 

The Babcock & Wilcox Co. 

Lynchburg, Virginia 


of course, 


DEAR SIR 


cross section ma- 
terials, Zircaloy, for fuel 
element cladding and as a reactor core 


where 


The use of low 


such as 


structural material is necessary 
neutron economy is at a premium. 
This is obviously true in reactors such 
as the natural uranium 
blanket type used in the Shippingport 
reactor and in the D,.O cooled and mod- 
erated CVTR pressure tube reactor. 

reactors, the 


seed and 


For slightly enriched 
loss of neutrons to the higher absorbing 
clads such as stainless steel can be 
compensated by increased enrichments 
that tend to increase the inventory and 
fabrication 


burnup costs. However, 


costs in UO, pellet and metal tube 
are less for stainless steel 


Zircaloy. At 


fabrication costs and 


geometries 
than for 
pected lifetimes 


present ex- 
material loss rates, stainless steel ap- 


pears to be more economical on an 


overall fuel cycle basis. 


good zirconium has been 


Certainly 
and can be obtained; however, when 
the quality 
the longer lengths required in many 
core designs, the yield tends to de 
Nevertheless, 


production is 


requirements are met in 


crease. as more experi- 


ence and realized, we 
expect to obtain Zircaloy for such ap- 
a price that will make its 
sound. It 


Zircaloy 


plications at 
use economically ippear>rs 
also that the IV can 
markedly decrease the hydrogen pickup 
hydriding effects thus 
remaining 


use of 


thus minimizing h 
relieving one of the few 
technical concerns. 

It should be noted that significant 


success is being achieved in reducing 
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the thickness and quantities of struc- 
tural and cladding stainless steel used 
in UO, slightly enriched reactor cores. 
In addition, simpler and less expensive 
processes such as brazing are more 
adaptable to stainless steel than 
Zircaloy. Thus, the core designer has 
more design latitude with stainless 
steel. Generally, this tends to allow 
simpler structures and less expensive 
fabrication costs. These effects lead 
to increased requirements for cost 
reduction and quality control to make 
the use of Zircaloy competitive. 


At this time, we feel that the eco- | 


nomics are more favorable to stainless 
steel for slightly enriched UO. cores 
using rod geometry. On the other 
hand, we expect to use Zircaloy as a 
cladding material in the future for 
certain long life economical cores. As 
time goes on and as the long time use 
of Zircaloy is further verified and as 
inexpensive means are developed to use 
it, Zircaloy clad fuel can be fed into 
the reactor systems now designed for 


stainless steel. In other words, the use 

of stainless steel at this time does not 

rejudice replacing it with Zircaloy 
it a later date 

W. E. SHoupp 

Technical Director 

Westinghouse Atomic Power Dept, 

Pittsburgh, Pa, 


Seawolf Sodium System OK 
DEAR SIR 


The article “Trends in Sodium 
iquipment,”’ by R. W. Dickinson and 
|. B. Williams, appearing in the Janu- 
iry, 1961, issue perpetuates a miscon- 
eption concerning the sodium reactor 
in the submarine Seawolf. 

The superheater leakage between the 
steam side and the monitoring space 
vas, indeed, due to ‘a corrosion-in- 
duced metal failure,’ but the cause was 
traced to the chloride content of the 
steam, which had affected the stainless 
steel chosen for this service. To cor- 
rect this difficulty without replacing 
the superheaters, the steam flow was 
liverted directly to the turbines. 

During the very satisfactory first 
ore lifetime of the Seawolf (see p. 77 

our September, 1959, issue), which 

cluded an underwater stay of two 
months, sodium continued to flow 
through the superheaters without inci- 
dent. In fact, the reactor compart- 
ment was sealed after the early trial 


runs and no further maintenance was 


required 


Peter J. Davis 


Division of Reactor Development 
U. 8S. Atomic Energy Commission | 


Germantown, Maryland 
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Skilledservicesper- |  Qalibeation for All American-Made 


formed at your 


facility by special: | Nuclear and Scientific Instruments! 
Peek He ES I ey SE 





ized personnel 
from nearest RCA 
repair center... 
to save you time 





¢ DETECT 


RCA nuclear and 
scientific service 
specialists factory- 
trained by major 
equipment manu- 
facturers ... to 
find the trouble 


¢ CORRECT 


Extensive stock of 
factory-specified 
replacement parts 


and portable serv- Fort Belvoir reactor training simulator . . 
icing gear carried normally in operation 24 hours a day . . . no 
by RCA specialists regularly scheduled maintenance time . . . main- 

. to ensure reli- tained by RCA on yearly contract basis... . 
able replacements results: better than 99 per cent of scheduled train- 
and conclusive, de- ing lime is productive time! 


pendable service! 

















Realizing the increasing importance of nationwide service 
facilities, many prominent manufacturers* of nuclear and 
scientific equipment have contracted with RCA Service Com- 
pany as an approved service representative for their products. 


RCA can serve you skillfully in. these areas: 
e Equipment installation and maintenance 
e Complete facility operation 


e Specialized engineering assistance 
e Training and publications 





For additional information on RCA services, phone WOodiawn 3-8000, Ext. 
PY 6038, or write to RCA Nuclear and Scientific Services, Bidg. 206-2, 
RCA Service Company, Cherry Hill, Camden 8, N. J. 

*Names available upon request 
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AMAZING! 
CAPABILITIES 


the conservative word for Load capecities at tong tips with fully extended 
é boom tube 
X motion—100 pounds 


Central Research Laboratories  cantedeaeaamne 


Z motion—100 pounds 
M odel D rugged -d uty elevation rotation—50 pound feet 
azimuth rotation—50 pound feet 
twist-rotation—40 pound feet 


- 
M aste r- slave Man i pu lato r gripping force and handling capacity— 100 pounds 
































FEATURES— 
The Model D manipulator is a very rugged 
modification of the Model 8—a well-known 
and widely-used manipulator designed and 
first manufactured by Central Research. 
Unique new features of the Model D in 
clude: a new wrist joint with sturdy stainless 
steel gears and a twofold increase in gear 
ratio; stainless steel boom and counterweight 
tubes; high-capacity boom-tube rollers; 
geared-up tape coupled azimuth rotation 
drive; center-supported pulley shafts; a mech 
anical, automatically shifting dual-ratio tong- 


squeeze drive; protected slave-end tapes 


INTERCHANGEABILITY 

In general, the Model D is dimensionally 
interchangeable with a standard Model 8 
manipulator with no alteration in mounting 








arrangement of existing or planned installa 
tions. The Model D offers greatly increased 
reliability and scope in rough-service hot 
cell operations with no significant loss of 
dexterity for performing delicate operations 


COMPARE—THEN SPECIFY 
CENTRAL RESEARCH MANIPULATORS 
FOR EVERY NEED 









a * Model 7 
-_! sy Restricted Space ‘ 
£ oh im 1 ta ati 
yp aK = 1 ib 
* ~ * % 
WIN pia 
4 | © “ sa = 2 / 
“f he #; Jy 


Hy | ia 


{ 
4 . 
Model 8 (. Y 
tandard For 1 Wa = Model B 


' 


—< 


alla 


“? Model A Sealed 


For further information write. Cinta Keswuch 


laboratories, inc. 
Red Wing, Minnesota, Dept 


Canal Manipula 
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New top for the Shippingport reactor 
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FORGED COMPONENTS 


: i NEW DOME 
SECTION 


NEW TORUS 


if NEW HEAD 
| Y | FLANGE 


VESSEL FLANGE 














Z VAe—— BARREL FLANGE 





TOP PLATE 





BOTTOM PLATE 











Since the three parts of this reactor vessel head—dome, 
torus and flange—will be welded into a single unit, there 
can be no allowance for failure. Every square inch of 
these three USS Quality Forgings were painstakingly 
manufactured and carefully inspected during and after 
the manufacturing process to assure perfection. The 
men, the forging facilities and the inspection equipment 
are available to you if you need forgings that must be 
as close to perfection as we can make them. 





A&S SALUT 


A. & S. fabricated, 
machined, assembled, 
and tested 
the instrumentation 
support structure under (ios 
the supervision of = wx 
Westinghouse and 


YANKEE ATOMIC 
ELECTRIC CO. 
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COMPLETED TELESCOPING ASSEMBLY 
40 feet high, 8 feet square 


ready for installation. Here, the 22 é 
flux wire thimbles which extend into 


the core, are in lowered position COMPAR 


QUA 


115 RINDGE / 


TES YANKEE 


(ILLED ASSEMBLERS AND WELDERS ice shield over one of the 
trat f t entat eads of the Yankee 


CAPABILITIES 
UNLIMITED! 


) machining and 


) demanding for 


2UALITY WELDMENTS 


' FIED WELDERS: NAVY 
ery é 1 | ACM , NATIONAL BOARD CERTIFICATION 
RTFOR TEAM BOILER INSPECTION 


COMPANY 


115 RINDGE AVENUE EXT., TEL. UNiversity 4-9070, CAMBRIDGE, MASS 
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IN OPTICAL SPECTROSCOPY ... 


photons are separated by altering direction of travel as a 
function of photon energy. Measurement precision depends 
upon the quality of optical component. 


BUT IN GAMMA SPECTROSCOPY ... 


photons are not separated. Photons of different energies pro- 
duce electrical signals of different amplitude. Measurement 


precision depends upon the quality of the pulse amplitude 
distribution analyzer. 


Nuclear Data pulse analyzers provide the 


finest precision and dependability. 
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512 CHANNELS MODEL ND-120, FOB Madison 
plete system with IBM typewriter and 


x Model 503 Scope, FOB Madison 





NUCLEAR 
DATA 
INC. 


3833 WEST BELTLINE HY. 
MADISON / WISCONSIN 





Find new ways to put the 


Weve 7 
good ming 


10 do it ar 





An extremely mobile, lightweight,.compact reactor which can produce 

from 2,000 to 3,000 kilowatts . . . 

A nuclear rocket engine to power large Inter-Continental Ballistic Mis- 

siles, put great masses into earth orbit, launch space vehicles .. . 

\ thermally Regenerative Fuel Cell to light small cities, power magneto- 
,» hydrodynamic devices, submarines and space platforms . . . 

[hese are some of the nuclear projects in progress at Allison, with several 

under government contract. 

In their research and development efforts, our atomic scientists and engi- 

neers employ such facilities as a vacuum chamber which simulates pressures 

at altitudes in, excess of 200 miles; physical chemistry, solid-state physics, 

metallurgical and materials laboratories; a liquid metal loop; analog and 

digital computers and many other research tools. Their efforts are aided 

by American and European consultants, our Scientific Advisory Commit- 

tee, plus every resouree General Motors possesses. 

Whether your problem is concerned with the heavens, the earth or the 

oceans, Allison has the will and—if it can be solved—the way to solve it. 

We're doing it for others, we could do it for you. 

Shown is heat exchanger section of a nuclear- or solar-powered Stirling- 

cycle engine under development for space and terrestrial power systems. 


ENERGY CONVERSION 
IS OUR BUSINESS 
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DIVISION OF GENERAL MOTORS, INDIANAPOLIS, INDIANA 





Key positions open for nuclear scientists and engineers. For details, write Mr. V. A. Rhodes, Scientific 
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Automatic quick-opening 
valves for nuclear reactors 


VALVES 
FROM 
DARLING 


Here you see a special valve 
developed by Darling. Its primary 
function is to provide fast, auto- 
matic opening in a nuclear system. 

This is but one of a number of 
nuclear valves being produced by 
Darling. Others include stainless 
steel valves and valves for control 
of demineralized water. 

Send us your specifications on 
nuclear valves for our recom- 
mendations and quotes. 


10° Series 600 Stainless 
Steel Valve for automatic 
fail-open operation, 


DARLING 
g DARLING VALVE & MANUFACTURING CO. 
VALVES Williamsport 6, Pennsylvania 


Manufactured in Canada by Sandilands Valve Manufacturing Co., Ltd., Galt 19, Ontario 
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New School of Fish 


A new generation of submarines is matriculating in our e A device which serves as a basic optical reference for 
silent service. These nuclear powered subs, some packing all optical systems on board. 

Polaris missiles, are equipped throughout for peak perform- ; . 

ance. Their Kollmorgen periscopes—and they have two or ¢ An Inland* silent, gearless torquer permits the operator 
three—are highly sophisticated instruments for navigation to train a periscope over long periods of time with virtu- 
and tactical use. Other Kollmorgen instrumentation aboard ally no effort. 

includes 


The engineering and manufacturing skills which produced 


¢ An electrical and electronic adapter which provides these optical/electronic/mechanical systems are satisfying 
training assist, target bearing transmission and other other industrial and defense needs. Do you have our 
e capabilities. brochure? Write Dept. 2-3 


*A product of Inland Motor Corporation of Virginia, 
a subsidiary of Kollmorgen Corporation. 


: OLE 
CORPORATION 
NORTHAMPTON, MASSACHUSETTS 


Resumes invited from qualified optical engineers. 
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new nuclear plants choose 


The Government’s new SPERT III nuclear plant 
at the National Reactor Station near Idaho 
Falls, Idaho, operating since December, 1958 
to study nuclear reactor safety, uses U.S. Pipe’s 
centrifugally cast stainless steel pipe for its 
coolant system. 

SPERT III is classified as a high pressure, 
high temperature, light water moderated and 
cooled reactor. Its versatility permits transient 
tests under various initial conditions of pressure, 
temperature, and coolant flow. For example, 
pressures ranging from atmospheric to 2,500 


psi and water temperatures from 68° to 668° F. 


Another new nuclear power plant, engineered 
and constructed by Stone & Webster for Yankee 
Atomic Electric Company, is using centrifugall) 
cast stainless steel heat exchanger shells made 
by U.S. Pipe and fabricated by the Southwestern 
Engineering Company in Los Angeles, Calif. 


Stainless steel, centrifugally cast, made to 
rigid specifications, may be the answer to your 
piping or heat exchanger problem. For more 
information, write or call: 











| centrifugally cast stainless 


UNITED STATES PIPE & FOUNDRY CoO. 


BURLINGTON, NEW JERSEY 
RLINGTON, BOSTON, BIRMINGHAM, CHICAGO, CLEVELAND, DALLAS, LOS ANGELES, NEW YORK, PITTSBURGH, SAN FRANCISCO 








Newly ‘i 
completed ds 


NDA Facility 
to develop 


PU-U-Carbide 
fuel elements 






PLUTONIL 
PROGRAM 


NDA has just completed installation of a 
new Plutonium Handling Facility at its Pawling 
Laboratories to carry out a prime contract for 
plutonium-uranium-carbide fuel development as 
part of the AEC’s Fuel Cycle Development 
Program. 

The objective is to develop fuel elements cap- 
able of producing economically attractive nuclear 
power at the earliest feasible time. Plutonium has 
important potential but its fuel characteristics must 
be documented through research and development, 
such as that now going on at NDA. Current efforts 











encompass a wide variety of investigations, ranging om ¥s 
: ; 3 : roject engineer at one of glove boxes where actual work with plutonium 
from fuel element conceptual design and fabrication is performed. Facility contains an interconnected series of metallurgical - . 
through fuel irradiation and evaluation. and hoxes, a series of chemistry boxes, hoods and other equipment for 
packaging, handling, air and inert gas circulation 


irradiated fuel reprocessing. 

This plutonium fuel program is but one 
example of the many challenging projects now 
going forward at NDA, utilizing a skilled team of 
scientists, engineers, technicians and supporting 
personnel at the company headquarters in White 
Plains and at its Pawling Laboratories. 

It takes the experience of many years and 
many people to achieve the valuable goal of utility 
through application of advanced technology. For 
a truly professional approach to research, devel- 
opment and application, look to NDA, where 
tomorrow’s advances are being worked on today. 

Current and prospective contracts at NDA 
involving the AEC, NASA, the Departments of the 
Army, Navy and Air Force, and private industry, 
provide a healthy growth climate and career 





opportunities for qualified scientists and engineers. ' ; 
, a Interior view of one of the chemical boxes 
Apply a professional approach to your career — (above), and one of the metallurgical boxes 
research these opportunities for you at NDA. Write — — — ting passageway. A ob pas ‘ ° 
° ° ° ind noods are under negative pr ure wit ert 
in confidence to Director, Professional Personnel. =” eis 


INIDYAW NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


WHITE PLAINS, N.Y. TEL. WH 8-5800 / NDA EUROPE 31, RUE DU MARAIS. BRUSSELS. BELGIUM 
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Crisis Over Reactor Siting; New AEC Guide May Help 


The growing problem of reactor siting in the nuclear power industry 


took on the proportions of a crisis last month. 


It began to appear as 


though something would have to be done soon about a problem that was 
fast becoming a millstone threatening to strangle nuclear power before i it 


reached maturity. 
Publication by AEC 


yroposed reactor siting guide climaxed 


of its new 


a series of rapid-fire events that 
focused attention on the problem. 
In the fortnight before the guide was 


ISSUE d 

1. It was learned that the South- 
California Edison project for a 
360-Mwe pressurize d water power re 


ern 


actor—the industry's main hope and 
symbol of an upturn out of the dol- 
drums was in serious doubt because 
of a site problem (see p. 25). 

2. The Los Angeles Dept. of Water 
& Power project to build, jointly with 
AEC, a 


vanishe d 


50-Mwe boiling water plant, 
when LADWP withdrew its 


proposal following an adverse site re- 
port by the Advisory Committee on 
Reactor Safeguards (see p. 95) 


Background on Siting 

Most of the other problems beset- 
ting the industry last month were sit- 
ing proble ms or had their siting angle. 
them all two 
n dragging since 1956: 
more 
nuclear 
uneasy eve 


Overshadowing 
that had bee 

* The Fermi case: It seems 
ind more as though all in the 
field were keeping one 
cocked on the white marble 
Greek temple in Washington whence 
perhaps in April, the U. S. 
Court’s decision on Fermi. 
d to establish once and 
yr all whether or not AEC was justi- 
‘i d in granting a construction permit 
for the Fermi fast near De- 
troit, whether or not that permit is 


were 


severe 


will issue, 
Supreme 


= Is 1S awalte 


breeder 


valid, and whether or not AEC may 
illow reactors to be placed “near” 
(how near?) “large” (how large?) 
popu lation centers without “compell- 
ing reason’—as laid down in a lower- 
( rt di ion 

fo this last question AEC’s pro- 
posed S ting guide offers tentative 


answers; but—perhaps with deliberate 
prudence AEC allowed an unusually- 


long 120-day waiting period for pub- 


lic comment before the guide goes 
into effec a 

® AEC’s regulatory organization: 
Four studies await consideration by 
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the new AEC leadership as action 
may finally be taken this year in the 
direction of separating AEC’s regula- 
tory from its promotional and opera- 
tion functions (see p. 27). JCAE 
has scheduled a hearing on this sub 
ject for March or April. 


AEC's Siting Guide 

The new criteria are the indirect 
result of three years’ work, and the 
direct result of a concentrated effort 
by a special staff named last spring. 

A first attempt to draft reactor sit- 
ing criteria, published May 23, 1959, 
ended in its withdrawal by AEC after 
industry had objections. 

This time industry reaction as sur- 
veyed by NucLEONICS seemed to be 
mixed—and split on the basis of hu- 
man temperament rather than along 
lines of geography, type of business, 
or special interest. For some con- 
gratulated AEC for putting out a 
guide that was at last something 
definite, while others castigated the 
same document for being vague and 
“interlarded with weasel clauses.” 
The preponderant opinion was favor- 
able, however. 

Provisions. The brief document 
(only seven pages long, plus a four- 
page appendix) attempts to provide 
formulas for those factors in site se- 
lection that are quantitatively meas- 
urable, while listing the impalpable 
factors that will also be taken into 
consideration in applying the formulas. 
Three measures for selecting location 
of a reactor are defined: exclusion 
area, low-population zone, and popu- 
lation-center distance (see definitions 
on p. 24). The first and third are 
classical measures, the second is new 
—in formulation if not in underlying 
concept. The table at right gives 
a minimum number for each of the 


' three for reactors of varying power 


from 10 to 1500 Mwth. 

Special consideration is provided 
for “inherent characteristics and spe- 
cifically designed safeguard features 
of the reactor . plus its purpose 
and method of operation.” Thus a 
channel is provided that can presum 


ably be used to give credit for pres- 
sure suppression or other safety-en- 
— features; these would justify 
less isolated sites. On the other 
hand, the criteria “apply primarily to 
reactors of a general type and design 
on which experience has been de- 
veloped . . . For reactors which are 
novel in design, unproven as proto- 
types, and do not have adequate the- 
oretical and experimental or pilot 
plant experience, these criteria will 





Estimates of Reactor Distances* 

















Low Pop. 
Excl. Pop. Ctr. 
Power Dist. Zone Dist. 
(1Mwth) (mi) (mi) (mi) 
1500 -70 13.3 17.7 
1200 -60 13.8 15.3 
1000 33 10 13.3 
900 -50 9.4 12.5 
800 46 8.6 11.5 
700 42 8.0 10.7 
600 38 ee 9.6 
500 33 6.3 8.4 
400 29 5.4 7.2 
300 24 4.5 6.0 
200 21 3.4 4.5 
100 18 3.2 2.9 
50 15 1.4 1.9 
10 -08 5 oF 
How Existing Reactors Compare*t 
low Pop. 
Excl. Pop. Ctr. 
Power Dist. Zone Dist. 
(Mwth) (mi) (mi) (mi) 
Dresden 630 0.5 11 15 
Indian Point 585 0.3 2 2 
Yankee 485 0.5 10 25 
Fermi 300 0.6 25 
Hallam 240 6.25 § 10 
Shippingport 225 0.3 1.5 7.§ 
Sioux Falls 200 0.5 3.$ 3.5 
Humboldt Bay 163 0.2 2 4 
Big Rock Pt. 160 0.5 20 40 
Peach Bottom 115 0.6 5 21 
EBWR 20-100 0.8 5 5 
EGCR 85 0.73 4 4 
Elk River 64 0.4 5 35 
CVNPA 63 0.5 7.2 
VBWR 50 0.36 12 
BONUS 50 0.3 2 13 
Piqua 45 0.14 1 5 
SRE 20 1.4 5 10 
Saxton 20 oS -54 30 
SM-1 
(Ft. Belvoir) 10 2 2 10 
0.2 6 6 


HRE- 2 2 


S * Distances are defined in box on p. 25. 

t These numbers were compiled in a 1}4-day tele- 
phone survey; while they are as accurate as we and 
those we contacted could make them in limited time, 
the table is intended for purposes of comparison and 
should not be regarded as final or official 
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need to be applied more conserva- 
tively.” 

Another broad exception, seemingly 
aimed at keepin ing reactors out of big 
city areas even if the formulas should 
by some chance seem to justify it, 
says, “Even if a more serious accident 
(not: normally considered credible) 
should occur, the number of people 
killed should not be catastrophic.” 

Industry Reaction. A majority of 
those questioned by nuc.eontcs feel 
the criteria are helpful, and some said 
they were frankly ge by its 
reasonableness and found it “better 
than expected.” Several sihend out 
that it was specifically labeled a 
“guide” and not a rule; and that it 
was a mixture of measurable criteria 
and those that cannot be quantita- 
tively defined. 

Concern was expressed over siting 
of large reactors for large load centers. 
One pointed out that an 18-mi pop- 
ulation center distance (for a 1500- 
Mwth reactor) may be impossible to 
find near any load center; said an- 
other industry leader, “I worry that 
we seem to start by saying we have 
to be 18 miles from large population 
centers for large plants—somehow 
over the years we will have to get 
that down.” Here some saw the con- 
sideration given to engineering design 
as the way out: “Design i is the first line 
of defense,” said one. “You tell us 
the exposure, and we'll design to it.” 

Critics in some cases felt that the 





exclusion area shall normally be prohibited 
heaith and safety will result.” 


A reactor should have an exclusion area 


Low population zone 


advance planning 


to the thyroid from iodine exposure 
Population center distance 


cities are 
dose considerations."’ 





Definitions of Distances in AEC Siting Guide 


Exclusion area ‘‘means the area surrounding the reactor, access to which is under the full control 
of the reactor licensee. This area may be traversed by a highway, railroad or waterway, provided 
these are not so close to the facility as to interfere with normal operations, 
appropriate and effective arrangements are made to control traffic on the highway, 
or waterway, in case of emergency, to protect the public health and safety. Residence within the 
In any event, 
removal in case of necessity. Activities unrelated to operation of the reactor may be permitted in 
an exclusion area under appropriate limitations, provided that no significant hazards to the public 


“of such size that an individual located at any point 
on its boundary for 2 hours immediately follow.ng onset of the postulated fission product release 
would not receive a total radiation dose to the whole body in excess 
dose in excess of 300 rem to the thyroid from iodine exposure." 

“means the area immediately surrounding the exclusion area which con 
tains residents the total number and density of which are such that there is a reasonable proba 
bility that appropriate protective measures could be taken in the event of a serious accident 


These guides do not specify a permissible popusation density or total population within this zone 
because the situation may vary from case to case. Whether a specific number of people can, for 
example, be evacuated from a specific area, or instructed to take shelter, on a timely basis w 

depend on many factors such as location, number and size of highways, scope and extent otf 


and actual distribution ot residents 


A reactor should have a low population zone ‘‘of such size that an dual located at any 
point on its outer boundary who is exposed to the radioactive cloud resulting from the postulated 
fission product release (during the entire period of its passage) would not receive a total radiation 
dose to the whole body in excess of 25 rem or a total radiation dose in excess of 300 rem 


means the distance from the reactor to the nearest boundary of a 
densely populated center containing more than about 25,000 residents 
of 25,000 population or more in the U.S. in 1960.] 

A reactor should have a population center distance 
reactor to the outer boundary of the low population zone. In applying this guide due considera 
tion should be given to the population distribution within the population center. Where very large 
involved, a greater distance may be necessary because of total integrated population 


and provided 
railroad 


residents shall be subject to ready 


f 25 rem or a total radiation 


within th wea 


[There were 673 citie 


of at least 143 times the distance from the 








guides were too definite, arbitrarily, 
in an area where too many factors 
cannot be expressed in numbers; in 
others, that the field has developed 
sufficiently to have permitted a greater 
degree of definiteness. Some ques- 
tion areas brought up: what happens 
“when they build around you”? what 
help—if any—is there for the small 


municipal utility whose economics 
(and often also whose charter) 
wants it to limit operations within its 
municipal system area? what is a 
‘catastrophic” death-toll? how calcu- 
late the low-population zone? (the 
last was frequently mentioned as a 
“fuzzy” area); why are test reactors 
thrown in with power? 


Site Woes: LADWP Drops Reactor, So. Cal. Edison in Doubt 


Conflict between site economics and site safety, which has held up for 
a year one of AEC’s fiscal ’60 reactors and led to abandonment of another, 
last month struck sharply at two major nuclear power projects in Southern 
California. Indirectly—because of Marine Corps isa it cast a 


serious cloud of uncertainty over 
Southern California Edison’s plan 
to build a 360-Mwe pressurized water 
reactors. And the conflict caused Los 
Angeles Department of Water & 
Power to withdraw its proposal to 
build a 50-Mwe boiling water unit. 

In the former case, the question is 
whether or not Edison and its back- 
ers, including AEC, can obtain 90 
acres of land in the Marine Corps’ 
Camp Pendleton over Marine opposi- 
tion. Edison has concluded that 
“there is no other [site] that would 
be attractive to us at the present 
time.” In LADWP’s case it was an 
adverse opinion by the Advisory Com- 
mitttee on Reactor Safeguards regard- 
‘ing the utility’s plans to develop a 
site at Haskell Canyon in Los Angeles 
County for nuclear stations. 

The situation brings to focus one 
that has been building up for some 
time. AEC’s Small-Size Pressurized 
Water Reactor has been stalled for a 
year, and its process-heat reactor for 
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been 
of site, 


desalinization has 
as consequences 


sea-water 
abandoned, 
problems. 

Last month the price tag on the 
differential in an actual case was dis- 
closed: for the City of Jamestown, 
N. Y.—leading bidder for SSPWR— 
the cost of power at the optimum site 
that AEC and ACRS will approve is 
2% times greater than that at the 
economically optimum site (see be- 
low). 

LADWP. On Feb. 3 LADWP noti- 
fied AEC that it was withdrawing its 
proposal to build the 50-Mwe Im- 
proved Cycle Boiling Water Reactor 
because of threatened restrictions by 
ACRS on use of its 1100-acre site at 
Haskell Canyon 3 mi north of Saugus 
in Los Angeles County. ACRS had 
ruled on Jan. 14 that Haskell Canyon 
was Suitable for the 50-Mwe ICBWR 
alone, but not for ICBWR plus four 
eventual 300-Mwe sscale-ups that 
LADWP sees in its future. ACRS 


said the inversion phe 
nomenon of the Los Angeles basin 
(cause of the area’s famed smog) 
could equally well trap a radiation 
escape cloud and hold it at low alti 
tudes, and that this precludes the 
building of power complexes as large 
as LADWP envisages. (AEC’s Nu- 
clear Facilities Safety Branch—ex- 
Hazards Evaluation Branch 
necessarily agree, feeling—on the basis 
of studies not yet completed—that if 
the site is safe for ICBWR, it should 
also be safe for adequately-engineered 
units up to 350 Mwe.) 

Consequently Samuel B. Nelson, 
general manager and chief engineer 
of LADWP, wrote AEC acting chair- 
man John Graham that his group 
could no longer justify the project. 
“The AEC restriction to a single-pur- 
pose use of the site would have in- 
creased the cost of the project be- 
yond reasonable limits,” Nelson said. 
(LADWP engineers estimated that 
this factor, plus other unanticipated 
fuel, maintenance and operation ex- 
penses, would increase the cost of 
ICBWR_ by $700,000 annually.) 
“The Department will now concen- 
trate its efforts on finding an economi- 


tempe rature 


doesn't 
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cal and acceptable nuclear site for a 
nuclear plant of possibly 300 Mwe 
size, to be built when it will be com- 
petitive with conventional power gen- 
erating plants,” Nelson said in a re- 
port to Los Angeles Board of Water 
and Power Commissioners. 

LADWP and Pasadena Municipal 
Light & Power Dept. had planned to 
share equally both operating costs 
and $10-million toward capital costs. 
Pasadena joined LADWP in with- 
drawing the proposal. 

The ICBWR project, now eight 
months behind scheduled construction 
start, already had been the subject of 
one of the strangest muddles in the 
history of the U. S. atomic program 
when AEC awarded the job of build- 
ing ICBWR to General Electric, with- 
drew it, and finally reawarded it to 
Allis-Chalmers (NU, Dec. ’60, 23). 
LADWP had preferred the GE de- 
sign and wrote AEC prior to the re- 
award to plead on behalf of the “tech- 
nically superior” GE reactor. Ironi- 
cally Allis now finds itself with a 
sizable investment in preliminary de- 
sign work threatening to vanish in a 
puff of smoke—just as happened to 
GE a few months earlier. Allis is 
hoping to interest AEC and one of 
the nine public power groups ex- 
pressing interest in the improved 50- 
Mwe organic reactor (see p. 31) in 
its building ICBWR for them. 

Southern Cal. Edison. The Marine 
Corps, which uses the 124,741-acre 
Camp Pendleton for training activi- 
ties, told NucLEONICcs Jast month that 
it was flatly opposed to the site pro- 
posed by Edison—a 90-acre site in 
the center of the reservation, along 
the coastline. The Corps suggested 
that Edison consider a site in the 
northwest corner but this is felt to 
be too close to population centers 
and unsuitable topographically. Last 
month, Corps Commandant Gen. 
David M. Shoup declared: “We don't 
want anvthing to disturb our beach- 
head areas for [amphibious] training 
purposes. We don't want [the re- 
actor] any place fon the reservation].” 
He noted that “this is a Navy Dept. 
matter” because the Corps is a part of 
the Navy but insisted that “the Marine 
Corps is not going to change its posi- 
tion. 

AEC Undaunted. AEC, clearly 
eager to keep the project alive, re- 
vealed in a statement on the siting 

in answer to a NUCLEONICS 
that much more than a single 
reactor is at stake. “Southern Cali- 
fornia Edison,” AEC said, “plans that 
the [360-Mwe] plant would be the 
first of four nuclear-powered generat- 
The Commis- 
sion then went on to: I. discuss 
Edison’s reasons for selection of the 
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ASTERISKS ON MAP SHOW [at top) 
LADWP's now-abandoned site in Has- 
kell Canyon, and (bottom) Camp Pendle- 
ton site that Southern California Edison 
hopes to get 


Pendleton site (“economics, location, 
and reactor-safety considerations”); 2. 
disclose the “tentative” conclusion of 
the Advisory Committee on Reactor 
Safeguards and AEC’s hazards staff 
that the site “would be acceptable 
for this plant”; 3. point out that the 
Marine Corp’s objections were based 
not on the nuclear aspect of the proj- 
ject but on opposition to any non- 
Marine project on the reservation; and 
4. disclose that former President 
Eisenhower had been briefed on the 
AEC-Marine Corps dispute before he 
left office. 

“The question of whether or not 
the nuclear power plant could con- 
stitute a significant interference with 
Marine Corps activities at Camp Pen- 
dleton,” AEC said, “remains to be 
resolved. . . . The Commission is 
hopeful that arrangements can be 
made for use of the Camp Pendleton 
site without interference with the 
Marine Corps’ activities and without 
establishing a precedent which might 
create future problems for the Ma- 
rine Corps. After Chairman-designate 
(Glenn T.) Seaborg is in office, it is 
expected that the Commission will re- 
quest further conversations with the 
Marine Corps and the Department of 
Defense, with the objective of resolv- 
ing the site-selection question.” 


No Promising Alternates. A high 
Edison official said the utility, which 
has asked for a long-term lease, still 
hoped that something could be worked 
out at Pendleton. “We have looked 
at a number of sites and this one has 
been our first choice all along the line. 
At the moment, I don’t think there 
are any others that are attractive in 
today’s economics and that we could 
get safety clearance on... . If this 
site doesnt’ work out, there is no other 
that would be attractive to us at the 
present time.” 

Edison has reached general agree- 
ment with Westinghouse on purchase 
of the 360-Mwe plant (NU Wk, 8 
Dec. 60, 1); Bechtel Corp. would be 
engineering constructor. 

The Cost of Safety. Last month 
in his annual report to the Governor, 
New York State's Director of Atomic 
Development disclosed that James- 
town’s Board of Public Utilities had 
been willing to pay AEC (as reactor 
owner under second-round rules) for 
steam at the equivalent of 6.1 mills/ 
kwh at a site within Jamestown city 
limits (to which AEC objected on 
safety grounds), but only 2.5 mills/ 
kwh at a site outside the corporate 
limits of the city. “The city’s will- 
ingness to pay only much lower 
charges for power from an out-of-town 
reactor site is attributable to its de- 
sire to absorb by this means the ad- 
ditional capital and operating expenses 
it would incur at such a site,” the re- 
port explains. “These mainly have 
to do with extra distribution, sub- 
station, site development and _ site 
maintenance costs.” 

Moreover, Jamestown has suggested 
to AEC that “if the reactor as pres- 
ently designed is considered to be not 
suitable for construction at the within- 
city site, then we urge that AEC 
consider modifying the design. It 
would appear that considerable modi- 
fication could be accomplished at less 
expense to the total project than mov- 
ing it to an alternate site outside the 
city.” 

LADWP, for its part, feels it would 
have to get power at 6.5 mills/kwh 
to make a project attractive. It 
was willing to pay a premium for nu- 
clear power to get experience, and 
reel long-term cost of power from 
ICBWR at 9 mills contol it were 
later teamed with one 300-Mwe unit. 
But power costs would jump to 11.5 
mills if the 50-Mwe plant were des- 
tined to operate as a single unit at 
the site, beeause of higher operation 
and maintenance cost per kwh, pro- 
portionately higher insurance and fuel 
costs, adding up to $700,000 extra a 
year. Not feeling it can afford this, 
LADWP is skipping the 50-Mwe step 
and looking S a suitable site for 
300-Mwe units. 
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AEC Faces Reorganization Issue; 4 Reports Under Study 


In a transitional period facing operation under a new Administration 


and a new chairman, AEC faces a number of major problems. 


One of 


the most fundamental is a question of its own internal organization— 
the long-debated question whether or not its regulatory responsibilities 


should be split off from its promo- 
tional and operational ones. Long 
at issue, the question appears to be 
coming to a head, and a number of 
proposed solutions are already receiv- 
ing attention in Washington. 

There are increasing demands that 
AEC be reorganized to eliminate 
basic inconsistencies in its duties and 
functions. ‘These inconsistencies are 
apparent in AEC’s three major func- 
tions: 

© To operate its vast $7.5-billion 
physical plant, which develops and 
produces atomic energy for both mil 
itary and peaceful uses. 

® To promote a free-enterprise, pri 
vate nuclear industry. 

© To regulate the private industry 
it is supposed to promote—for the 
protection of the public. 

These three functions vested in the 
same agency create for AEC and pri- 
vate industry conflicts which, unless 
solved, could delay or preclude the 
advent of economic nuclear power. 

If and when Seaborg and the Ken- 
nedy Administration get around to 
trying to solve the problem, they will 
have at their disposal four separate 
studies being conducted by AEC, the 
Joint Committee, the Univ. of Mich- 
igan Law School, and Brookings. 

AEC’s reorganization study pro- 
poses that all regulatory functions 
now under the General Manager be 
placed under a Director of Regula- 
tion, who would report directly on 
regulatory affairs to the five-man 
Commission. Under the new organi- 
zation, operational and promotional 
functions would continue to be ad- 
ministered by the General Manager. 

The present Division of Licensing 
& Regulation and Division of Com- 
pliance would be split off from the 
present General Manager's line of 
authority, to be placed under the new 
Director of Regulation. The Division 
of Compliance would become an Of- 
fice of Inspection under the new 
scheme and would incorporate such 
Office of Health & Safety staff as 
have duties in the regulatory field. 

The reorganization proposal, if it 
gains the backing of Chairman Sea- 
borg, will be coordinated with rec- 
ommendations from the Joint Com- 
mittee on Atomic Energy. It is un- 
derstood that AEC will seek to have 
certain aspects clarified and formal- 
ized by law. 

The Joint Committee’s study was 
carried out by its staff with assistance 
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from special consultants David F. 
Cavers of Harvard Law School and 
William Mitchell, former AEC Gen- 
eral Counsel. The review is to be 
released as a staff study rather than a 
JCAE report representing views of in- 
dividual Committee members. How- 
ever, JCAE expects to conduct public 
hearings on the staff report and other 
recommendations on the AEC regula- 
tory program. 

The JCAE study explores the desir- 
ability of establishing a completely 
separate licensing board to handle nu- 
clear facility safety regulation. 

Now in the final stages of prepara 


tion, the study—prepared as a staff 
paper for JCAE—will propose a 
3-man board to conduct reactor 


licensing hearings and decide the 
cases. The members would be men 
of high technical caliber and prestige, 
appointed by the President (one com- 
plaint of the existing hearing-exam- 
iner system is that the examiners are 
legally-oriented and cannot bring out 
technical factors). The 
5-man Commission would retain its 
rule-making and policy-making func 
tions but would look to the 3-man 
adjudication board for recommenda- 
tions on licensing rules. The Advis- 
ory Committee on Reactor Safeguards 
would remain, but its role would 
eventually narrow to reviewing new 
reactor types 

The proposal differs from AEC’s 
reorganization study in that: 1. the 
board itself would make licensing de- 
cisions, leaving AEC free for policy 
and promotional work; 2. AEC would 
employ both technical and legal ex- 
perts at the hearing stage; 3. the 
proposal would establish the germ for 
an eventual complete separation of li 
censing and promotional functions at 
AEC, when that makes sense. 

The Univ. of Michigan Law School 
Atomic Energy Research Project has 
just completed probably the most am- 
bitious and broadly-conceived analysis 
to date of AEC organization and reg- 
ulation of private nuclear facilities. 
The exhaustive, four-part work has 
been circulated among interested 
atomic groups for comment. Its au- 
thors are Lee Hydeman and William 
Berman, both former AEC attorneys. 

Recommendation: split of the pres- 
ent Commission into two agencies: 1. 
an Atomic Energy Administration to 
be headed by a single executive with 
operational and promotional responsi- 
bilities; 2. a three-man Atomic Energy 


important 


Board to carry the regulatory duties. 

The Brookings Institution Theoreti 
cal Analysis of AEC regulatory-safety 
problems is working toward the most 
unusual conclusions yet to come from 
the considerable attention the matter 
is now receiving. 

The Brookings study differs from 
all others in its somewhat radical at- 
tempt to define and identify the “real 
process” involved in AEC licensing 
and regulation of Brook 
ings research so far has found that 


reactors. 


emphasis would be misplaced if it 
were applied to the formal adjudicatory 
and rule-making procedures of regu 
latory programs. Instead, findings 
are that the regulating of reactor 
facilities stems primarily from “talk 
back and forth” and letters regarding 
safety and current technology be 
tween AEC’s Nuclear Facilities Safety 
Branch staff and industry technicians 

The Brookings study is under the 
over-all direction of Prof. Marvin 
Bernstein of Princeton Univ. and will 
with seven other case studies on reg 
ulatory problems, eventually be pub 
lished in book form. Though the 
study will list its conclusions, it in 
tends making no recommendation con 
cerning AEC organizational changes 

It cannot be ; that Joint 
Committee members will either en 
dorse major AEC _ organizational 
changes or act to tighten up re gula 
tory procedures within the present 
Commission framework. JCAE is 
aware of reactor siting problems and 
knows that some think governmental 
caution in this field is bogging down 
too many reactor projects 
For this reason, the committee staff 
has been instructed to perform its 
analysis of AE( 


and hearings will be 


said yet 


p' wer 


licensing procedures, 
conducted later 


this year to receive testimony from 
private and government officials 

Rep. Chet Holifield (D-Calif the 
new Joint Committee Chairman, how 
ever, is cool to splitting AEC along 


Hydeman-Berman lines 

Says Holifield: “I question if the 
Commission should enter a broad field 
of regulation in peacetime efforts. As 
will 


inspec tion, 


we get more reactors, we need 
more 

more That's 
passed an enabling law permitting the 
take when they are 
qualified. They are training people 
but haven't yet the trained manpower 
to do it. I would like to see AEC 
get back to the job it was set up to 
do: to push development. But until 
themselves to do 
regulation, we have to continue that 
on a federal level, and that’s why I’m 
not pushing this [splitting AEC].” 


more regulation 


watchfulness why we 


states to over 


the states qualify 
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Reactors for Sale: A Tour through the Nuclear West 


The West—the frontier, traditionally, in American history has more re- 


cently been becoming a magnet for a number of industries. 
also been exerting a growing attraction on the nuclear industry. 


The West has 
It beckoned 


General Dynamics, Aerojet-General and American-Standard into establishing 


their nuclear divisions in California; 
the move of General _ Electric’s 
Atomic Power ag nt Dept. from 
Schenectady to San Jose five years ago 
was perhaps the most spectacular illustra- 
tion. And already almost a decade ear- 
lier, the West's wide open spaces had 
lured the first plutonium production cen- 
ter and the nation’s reactor testing station 
to the deserts of the northwest. 

Here are some impressionistic snap- 
hots of a tour through the Nuclear West 
based on a three-week, 8,000-mile trip 
by NUCLEONICS News Editor John Kenton. 
It is limited for lack of time—to the 
civilian rea It is limited 
in space, too, to a very few highlights 
at each installation 

A second installment of this Western 
travelogue will appear next month. 


tor industry. 


Atomics International 
Four principal lines of development 
ire being pursued at the firm’s exten- 
ive labs (Canoga Park) and test site 
Santa Susana) just northwest of Los 
Angel dium graphite, advanced 
epithermal, « mnpact SNAP-type for 
pace power these three are closely 
related), and organi The back-up 
ting research and develop- 


id supp 


ment for these programs—in develop- 


nent of materials and techniques for 
their fabrication and use——is on a vast 
ile 
One of the majo! materials efforts 
n uranium monocarbide, which AI 
ees as the onlv proper fuel to gain 


1um effectiveness from the so- 

lium graphite concept. It’s hoped 
a a 1] — 3 - 

» be able to make the third core for 


the Sodium Reactor Experiment of 
UC, and some UC elements are to be 
tried in the second core, now about 
to re . full powel Core 2, chosen 
{-5 years ago when thorium looked 
good compared to uranium, is of 
thorium-uranium metal alloy. 

The firm is now highe r than ever 
in its enthusiasm about sodium graph- 
ite The studies for the ESUPRA 
pi ject comp tition showed, AI says, 
that sodium graphite is now substan- 
tially che ape! Moreover, although 
vater reactors are given an edge on 
maintenance and a cessibility, statis- 
tically one must expect to get some 
ladding failure and thus fission 
product in the primary, reason 
Ar s sodium enthusiasts. Now fission 
products are soluble in water but not 
in sodium—so that it turns out that 
the sodium plant has better accessi 


bility than a water plant after clad 


Another switch as time goes on in 
the relationship of water and sodium 


Vol. 19, No. 3 - March, 1961 





plants is on expense. There is 
nothing peculiar to sodium systems 
that is expensive, AI insists: it’s the 
materials for containing high tempera- 
tures. As water reactors reach de- 
sired higher temperatures, their gear 
will become more and more expensive 
too. Sodium costs can only come 
down; “we're better off because we 
have no corrosion problems—and low 
pressure. They haven't faced up to 
these things yet,” says the alien 
man. “Sodium is really a lot less 
sophisticated than water—there are 
only a few things to know about it.” 
The plant AI offered ESUPRA is a 
current status plant, not an advanced 
plant requiring a research-develop- 
ment program and based on a guess 
as to which way the technology will go. 
“We didn’t even propose uranium 
monocarbide. We proposed what we 
think we can build right now.” The 
SGR has come a long, long way since 
Hallam, Al feels (“Hallam is a very 
conservative reactor, a model T com- 
pared to the ESUPRA design”). 
Work in the SGR and OMR critical 
facilities at Santa Susana has slowed 
considerably because of the cutback 
funds (and much of the organic 
work is done in Idaho, at OMRE); 
but the AETR critical, which just re- 
cently went critical, is going full ahead. 
The Advanced Epithermal Thorium 
Reactor concept is like a_ very 
advanced SGR, shooting at a full- 
scale, breeder plant on the line mak- 
ing economic power by 1972-75. 
Following a first phase of preliminary 
physics and paper studies, the pro- 
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SOME OF MAJOR SITES in Nuclear West 


gram is now in Phase 2 (May 1959 
pe 1963) to establish the physics 

the general feasibility of the con- 
cept from the physics standpoint, also 
to determine what economics are 
needed from the fuel to make the 
concept attractive. “If it doesn’t 
change more than 5% from what we 
now believe on the basis of a few 
scattered experiments and paper work, 
we could get a breeding ratio a little 
better than one. 

The AETR critical will be the first 
facility outside AEC to use U™; fuel 
studies will also be made on Th-U 
alloy, ThC-UC, and paste fuel. AI 
hopes to develop a suitable thorium 
alloy, ceramic or cermet. The most 
— fuel now seems, on the 
yasis of just paper work, to be a 
UC-ThC mixture, containing about 
11% U™. AI is also watching closely 
NDA’s work on plutonium carbide, 
and the chemistry of plutonium re- 
processing to be developed shortly in 
the Experimenta] Breeder Reactor No. 
2. A fuel of better than 30,000 
Mwd/ton average will be required to 
make AETR economic, under present 
rules; this is higher than anything 
achieved to date, except by oxide 
which is not suitable for the epi- 
thermal system. 

Of the nuclear power industry at 
present, AI President Chauncey Starr 
says, “The industry is beginning for 
the first time to acquire the chief 
characteristic of an industry: having 
a product to offer for sale that is 
wanted.” 


General Atomic 


This firm with its wheel-and-hub 
lab buildings in a university-campus 
setting, might well be nicknamed High 
Temperature Inc. For just about all 
the programs of General Atomic (a 
division of General Dynamics) are 
dedicated to achievement of greater 
efficiency by means of very high tem- 
peratures—and to development of ma- 
terials to make possible the high 
temperatures. GA's principal reactor 
project even carries the name High 
Temperature Gas-cooled Reactor; it is 
to have a primary coolant outlet tem- 
perature of 1382" F; that of the Mari- 
time Gas-cooled Reactor prototype 
will be 1300-1500° F. The therm- 
ionics group has in a sense to work 
backwards for the present toward a 
less efficient thermionic cell: it could 
now build a cell to work in a reactor 
with a fuel element operating at 
3270° F—but no such element ex- 
ists. And as for the fusion group— 
its useful operating range begins at 
100,000,000°. The Orion project is 
classified, but any project using nu- 
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GENERAL ATOMIC'S $17-MILLION ‘CAMPUS’ DOESN'T STOP GROWING. Hub 


of wheel contains library and cafeteria, with 150 laboratories in wheel. 


To left 


of hub is administration building; L-shaped building below is experimental build- 


ing and shops; smaller building below is fusion lab. 
Above hub, on canyon rim, are linear accelerator, 


technical office buildings. 


Extending off to right are 


HTGR and MGCR critical assemblies; further up toward right is Triga building 


(containing two Trigas, one a pulsing-type), and, finally, hot-cell building. 


Below 


latter in canyon (not seen) is control rod drive test facility 


clear explosions for space propulsion 
is likely to use high temperatures. 

GA invested $10 million in its John 
Jay Hopkins Lab for Pure and Ap- 
plied Science—not counting what 
must be a huge payroll for its “brains 
stockpile”—without a product to sell. 
(Since then its Triga solid-homogene- 
ous, zirconium hydride moderated re- 
search reactor has become the world’s 
most popular, with 22 sold. And in 
three years the Hopkins Lab has 

own to be a $17-million-plus 
“eer Consequently the division is 
rankly playing for a big break- 
through. In HTGR it is trying to 
produce a reactor so much more ef- 
ficient or economical that utilities will 
have no choice but to come to GA 
with their order-books, despite GA’s 
lack of the usually-essential tradition 
of relations with the utility com- 
panies. HTGR itself has already at- 
tracted 53 utilities into the U. S.’ 
biggest syndicate for construction of 
a reactor. 

In one sense, HTGR is far ahead 
of its original plan, because the tran- 
sitional first metal-clad (28-Mwe) 
core has been dropped in favor of 
going immediately to the ultimate, 
40-Mwe graphite-elad core. This has 
been made possible because three 
sources—two in the U. S., one in 
Britain—say they can provide fairly 
impervious graphite. Based on its use, 
a fuel element has been designed that 
contains an annulus in which an 
auxiliary helium circuit sweeps out 
fission products directly into a hot 
trap. This system yet to be fully dem- 
onstrated; it holds promise of releas- 
ing from the fuel element but trap- 
ping inside the reactor vessel a large 
raction of the fission products. This 
in turn of course means a less radio- 
active primary coolant circuit and 
longer fuel life, therefore greater 
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economy of operation. 

HTGR is already entering the hard- 
ware stage, with the pressure vessel, 
compressors, and the primary steam 
generators about to be ordered, and 
a new Fuels Development Building is 
being set up to make the fuel assem- 
GA hopes for a 30-36-month 
life for the first core, but is designing 
for 6-7-year life in the advanced ver 
sion of HTGR which GA has started 
working on for ESUPRA. 

GA is also moving into high gear 


on BORE (see p- 31). 


blies. 


Bechtel 

One of the most aggressive engi- 
neer-constructors on the nuclear scene 
(some would delete “one of” in that 
phrase) is Bechtel Corp. The firm 
has already captured nine major nu- 
clear jobs, six of which have reached 
the construction stage (one, Peach 
Bottom, is about to reach it shortly; 
another, Dresden, is already com- 
pleted). Also in progress are Hal- 
lam, Big Rock Point, Humboldt Bay, 
and Canada’s NPD reactor at Rolph- 
ton (the last being built by Canadian 
Bechtel). Perhaps even more re- 
markable is that the jobs in progress 





Rocket Engine Invitation Out 


The joint AEC-NASA Nuclear Pro- 
pulsion Office issued its long-awaited 
invitation for proposals—due April 3 
—on initial phase of a rocket engine 
development program. The job, 
Phase I of the role of an industrial 
engine contractor, is expected to run 
about 6 months and cost under 
$1-million, covering aid to Los Ala- 
mos in the Kiwi-B test program, 
preliminary design of a flight engine 
and study of an engine-development 
program. Phase II, when it comes, 
| will carry the program to the hard- 
| ware stage. 











except Hallam are fixed-price turnkey 
contracts, on which Bechtel has con- 
tracted to take the loss if the job goes 
over budget; only Hallam, on which 
Bechtel is architect-engineer, is cost- 
plus fixed-fee. Three other jobs not 
yet in construction include the South- 
ern California Edison 360-Mwe reac- 
tor (see p. 24); the Industrial Re- 
processing Group's chemical reproc 
essing plant project, now on dead 
center; and Spain's 30-Mwe_ power- 
and-test reactor, for which 
Bechtel did a preliminary design and 
cost estimate 


organic 


Aerojet-General Nucleonics 

AGN, growing gratifyingly since its 
early days when it was primarily a 
purveyor of mass-produced 100 milli- 
watt training reactors, seems also to 
have changed its corporate person- 
ality since a new management team 
took over last April. AGN is now 
working in the field of compact nu- 
clear power plants. It also is doing 
research-development in the field of 
advanced materials—for example, it 
is completing probably the world’s 
first circulating rubidium loop, to 
operate at 1600° F with 100 lb of 
rubidium, under study as a coolant 
for compact reactors. Since its found- 
ing in October 1956 AGN’s staff has 
grown from 100 to 600; the firm has 
just bought 474 acres adjoining its 
present 11 acres for future expansion. 

Achievements include almost a 
year's satisfactory operation of GCRE 
(Gas Cooled Reactor Experiment) in 
Idaho, a stepping-stone toward the 
truck-mounted ML-1 (Mobile Low- 
power reactor No. 1), fabrication of 
which has just been completed. Its 
turbine-compressor is to be ready in 
midsummer, at which time the 330- 
500-kwe nitrogen-cooled, light-water- 
moderated highly mobile reactor will 
start operation as the world’s first 
closed-cycle gas-cooled nuclear power 
plant. AGN has set up fuel develop- 
ment and production shops where it 
made the first two cores for GCRE 
and one for ML-l, and is now de- 
veloping the third core for GCRE 
and second for ML-l. All are 
uranium oxide pellet-in-tube type. 
AGN also designed and fabricated an 
unusual semaphore-type control biade 
ML ] whic h 


yiercing of the shield by the control 
I g 


system for minimizes 


system 

AGN is building the mercury-vapor 
turbines for Atomics International's 
SNAP-2 (3-kwe) and SNAP-8 30- 
kwe) vest-pocket space-power re- 


actors. AGN is also halfway through 
a 15-month paper-study development 
job on SPUR—a 300-kwe scale-up of 
the SNAP reactors. AGN hopes “to 
go into a prototype reactor” after the 
paper study is completed. 
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New Instrument Firm Takes Unique Approach to Marketing 


A new concept in radiation-equipment marketing has been embodied in 
a firm which went into business last month in Valley Stream, L, I.— 
Nuclear Industries, Inc. The firm has set for itself these goals: 1. to 
create a “family” of radiation-equipment manufacturers represented by a 


nation-wide sales organization offer- 
ing an unprecedented variety of 
instruments; 2. to create its own 
wholly-owned subsidiaries for the dis- 
tribution and servicing of primary 
and accessory instrumentation; and 3. 
to pr wide equity financing for new 
and established instrument companies 
trying to raise capital 

NI was already well along toward 
meeting these goals last month via 
arrangements with, or ownership of, 
eight firms—with negotiations pro- 
ceeding for arrangements with, or 
creation of, several more companies. 
These firms, as a group, NI President 
ind co-founder Jack Carlin believes, 
will “make up a marketing organiza- 
tion that none of the member com- 
panies could afford individually. 
Our interest is in putting together a 


family of companies complementary 
to each other. whose products to- 
gether make up a formidable entity 
in the instrument industry.” 
NI ‘‘Family" 
As of mid-February, the NI group 
lided 
nciudaedad 


Radiation Equipment and Acces- 
sories Corp. (near NI in Lynbrook). 


REAC is a wholly-owned subsidiary 
headed by Edward Kerzner, presi- 
dent, and Jerry Weinstein, vice-pres- 
ident, both formerly of Baird-Atomic. 


Specializing in the physical and life 
sciences, REAC will stock and dis- 
tribute instruments accessory to those 


offered by other firms in the “family,” 


will manufacture or have manufac- 
tured primary and accessory instru- 
ments of its own design, and generally 
ittempt to round out the instrumen- 
tation available through NI so a given 
istomer can get most or all of his 
equipment from one source. Those 
instruments of REAC’s own design, 
hiefly in the educational field, are 


expected to range from low-priced 
items to some as high as $60,000. 
Atomium Corp., Cambridge, Mass. 


[his less-than-two-vear-old manufac- 
turer of medical and other nuclear 
istrumentation has given NI exclusive 

ght of sales re presentation for two 
nstrument i tape recording system 

llecting medical data on mag 
etic tape cardia output, kidney 
runction, etc ind a low-bac kground 
‘amma detector capable of counting 
ervstals of up to 8 in. dia. These 
vere selected for NI representation, 
Atomium said, because “they are the 
kinds of things that go to customers” 
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Sharp Leaves NI 


One of the charter members of 
the Nuclear Industries “family”— 
Sharp Laboratories, La Jolla, Calif.— 
cancelled its agreement with NI and 
signed, instead, with Baird-Atomic on 
Feb. 10. Sharp, which had been 
represented earlier by B-A until its 
brief commitment with NI, manu- 
factures low-background detection 
instruments. B-A has exclusive sales- 
representation rights for Sharp in- 
struments in the U. S. and Canada; 
Sharp will also design instruments for 
marketing under B-A’s name. 











visited by NI salesmen. “If NI does 
a good job,” an Atomium official com- 
mented, “I think it will be to our ad- 
vantage to look to expanding [the 
sales agreement to other instrumenta- 
tion].” 

Cosmic Radiation Labs, Bellport, 
N. Y. In another sales agreement, 
NI will represent this five-year-old 
firm in the sale of transistorized de- 
tectors already available and other in- 
struments, which Cosmic might de- 
sign. “We will work with NI,” a 
Cosmic official explained, “to come 
out with instruments that the scien- 
tists need and want—things that are 
not available from other manufac- 
turers.” Cosmic, with sales of $75- 
$100,000 in 1960, has never had a 
formal sales program. 

Crystals div. of Isotopes, Inc., 
Westwood, N. NI’s wholly-owned 
subsidiary, REAC, will be exclusive 
sales agent in the nuclear field for this 
firm’s scintillation crystals (excluding 
New England). This business has 
been dominated historically by Har- 
shaw Chemicals. As with Cosmic 
Radiation, the arrangement involves 
a product never given a significant 
sales “push” so Isotopes expects the 


Nuclear Industries Management 


NI sales organization to “increase our 
sales quite terrifically.” 

New England Nuclear Corp., Bos- 
ton. This radiochemical company has 
also signed a sales agreement with 
NI, deciding against — its own 
sales organization to see how the 
arrangement with NI works out. 
NENC President Edward Shapiro in- 
dicated he had been particularly in- 
fluenced by NI’s sales-incentive plan 
—to establish separate sales corpora- 
tions in each of the eight cities where 
sales offices will be located and per- 
mit the salesmen there to hold as much 
as 20% of the stock in each of these 
corporations. NENC was represented 
by Baird-Atomic until earlier this 
year. 

Oxford Engineering Corp., Wel- 
lesley Hills, Mass. Oxford is a 
young electronics firm which has not 
been in the; radiation field. It has 
been manufacturing industrial count- 
ing —— utilizing glow tubes 
and other electronic components em- 
ployed in radiation instrumentation, 
however, and will enter the radiation- 
detection field through REAC. First 
item is to be a low-cost scaler for 
educational users, to be followed by 
other educational instruments. NI 
has taken an equity position in Ox- 
ford. 

Reactor Experiments, San Fran- 
cisco. In an arrangement similar to 
that with Oxford and the Crystals 
div. of Isotopes, Inc., REAC will be 
exclusive sales agent for the products 
of this 18-month-old firm. These 
include a neutron howitzer, activation 
foils and other equipment for educa- 
tion and research. There will also be 
an exchange of stock between Reactor 
Experiments and NI. 


NI Organization 

NI was founded by Jack Carlin 
and Richard O'Toole, president and 
secretary-treasurer, respectively, and 
both former officials at Baird-Atomic; 
the third NI officer is Louis Mead, 
vice-president for —s and sales 
manager—and also formerly of B-A. 





Carlin O'Toole Mead 
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The three were the founders five years 
ago of Atomic Associates, which grew 
to a nationwide sales organization pur- 
chased by B-A two years ago, ime 
with Atomic Accessories. When man- 
agement differences arose last year, 
Carlin and O’Toole left B-A, subse 
quently forming NI. 

Baird officials have made it clear 
they consider NI a competitor with 
the Atomic Associates and Atomic Ac- 
cessories operations acquired in 1958. 
Carlin and O'Toole, in rebuttal, have 
pointed out that they left B-A for a 
reason typical in the management 
area—they were unable to agree with 
major policy decisions. In any event, 
B-A has not indicated whether it 
would take any legal action, comment- 
ing: “The matter has been referred 
to counsel for advice.” 

NI has begun to establish separate 
sales corporations in Boston, New 
York, Philadelphia, District of Co- 
lumbia, Atlanta, Detroit, Chicago, Los 
Angeles and San _ Francisco—with 
plans to have salesmen in each city by 
the end of June. In addition, the 
company plans, through REAC, to 
represent its “family” of companies at 
appropriate trade shows. 

Eventually, the equipment line 
available through the NI complex is 
expected to include process-control 
instrumentation, sophisticated instru- 
mentation like liquid-scintillation coun- 
ters and multi-channel analyzers, re- 
actor instrumentation and a full line 
of — radiation-detection equipment 
The intention is to market transistor 
ized equipment only. 


Represent Hughes? 

Meanwhile, NI was negotiating an 
agreement with Hughes which could 
turn out to be the broadest of any of 
the arrangements described above. 
Equipment involved: two new linear 
electron accelerators nearing the pro- 
totype stage at Hughes; a 2-Mev 
proton cyclotron for education and 
research; all of Hughes’ solid-state 
detectors (NU, Feb. 60, 55); and, as 
developed, a line of radiation-detec- 
tion instruments. REAC would be 
exclusive distributor of the solid-state 
detectors and NI would have exclu- 
sive sales representation on the other 
equipment. 

The new Hughes accelerators are: 
1. a “monopulse” linac of 10 Mev and 
1 amp to be used primarily for simu- 
lation of nuclear explosions; and 2. a 
“compact” linac, also of 10-Mev en- 
ergy, for medical therapy and radi- 
ography. The former would be 
priced under $100,000, the latter at 
about $125,000. 

Hughes said it was also developing 
—on a later schedule—high-powered 
machines for sterilization, cross-link 
ing, etc. 
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Decision on fate of ANP due—again 
Once again fighting for its life, the Aircraft Nuclear Program 
is being reviewed in the Pentagon and a decision is due on com 
pletion of the review “within the next several weeks.” Rep 
Melvin Price (D-IIl.) was thus notified by the Defense Dept. last 
week after he had written to new Defense Secretary Robert 
McNamara urging a hands-off policy on the nuclear plane program 
Price told McNamara that 
responsibility for major technical decisions in the program should 
be left to AEC in consultation with the Air Force 
the Defense Dept.’s Office of Research and Development, headed 
by Herbert York. York’s office is conducting the present review, 
however, and its decision will probably bear considerable weight 


as it is presently being conducted. 


thus excluding 


on the program’s future. Major issues are: whether to endorse the 
Eisenhower Administration’s decision to drop one of the two re- 


actors cycles now under development; if so, which one to abandon 


Packard, Tracerlab win suits against former employees 
Two significant suits in the radiation-instrument field have been 
settled out of court-—-the settlements representing victories fo1 
established firms over employees who left these firms to set up 
competing companies, 

Packard Instrument Co. Packard won a permanent injunction 
against Scott Nuclear Co. (NU, Dec 60, 34 
of liquid-scintillation counters and other instruments similar to 
Effect of the settlement was to 


on the manufacture 


those manufactured by Packard 
render Scott unable to function as planned until June 30. 

Tracerlab, Inc. Tracerlab, after getting a temporary injunction 
against two former employees doing business as Electro Neutronics 
Inc., Albany, Calif., won an out-of-court settlement under which 
the former employees: agreed to: 1. withdraw their low bid of 
$320,000 on radiation-detection instruments for nuclear submarin 
2. refrain from making these instruments and two others for 


years; pay Tracerlab’s costs of the suit. 


Remote-Camera 
View of 
SL-1 Core 


FIRST CLEAR PHOTO 
looking down on top 
of SL-1 reactor after 
Jan. 3 accident (see p 
62, also NU, Feb. ‘61, 
17). It was obtained 
by remote contro! us 
ing @ motor-actuated 
movie camera sus 
pended from a boom 
inserted into the re 
actor building and 
shielded from gamma 
radiation by a lead 
lined box to avoid 
fogging of film This 
photo s enlargement 
of one of témm 
frames It shows 6 
of 9 nozzles in vessel 
top head are open to 
atmosphere, but only 
one at top left (No 
8) is completely un 
obstructed It's through this nozzle that AEC is trying to photograph vessel interior by lowering thin 
TV camera; problem is to shed enough light into vessel through partially-blocked nozzles without 
dislodging anything that might fall into reactor On No. 8 nozzle, 2 studs (bottom and lower left 
seem bent, rest seem stripped Top center nozzle (No. 1): circular threading on top of contro > 





rock seems broken off, rack raised, as much as 6 in Top right (No. 2 shield plug in place 
visible damage Left center (No. 7): rack seems raised, as much as 6 in Center nozzle (No. 9 
circular pipe visible at left of hole (under broken contro! rod extension shaft lying across react 


top) may be sleeve of extension rod. If so, this implies central rod poison blade is sitting uprig 
above core, its bottom edge on core top—and that it flew out of core at time of accident and fe 
back into present position Right center (No. 3): rack is broken off, even with top of nozzle 
possible to say how far down rack break occurred T-shaped wire just to lower right of nozzle is a 
sample holder for corrosion testing. Botton left (No. 6): shield plug in place, no visible damage 
Shielding punchings lie scattered on it. Bottom center (No. 5): bell housing in place; no way of 
telling position of control rod inside it-—-may be all the way in or all the way out of core. N 
visible damage Bottom right (No. 4): appears free of rack or other obstruction This is over T-rod 
slot that contained dummy experimental control blade, which of smaller diameter than working blades 
and could have flown out through nozzle opening Navy photo-interpreters have been sent to Idaho 
to help decipher this, other photos 
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REACTOR NEWS 


HRE-2 DOOMED; ORNL SEEKS GRACE 


Oak Ridge is hoping for a reprieve for the Homogeneous 
Reactor Experiment No. 2, and ORNL director Alvin M. 
Weinberg has made a plea to AEC to reconsider its de- 
cision to close out the aqueous homogeneous reactor pro- 
gram by June 30. HRE-2 has been continuously at 
power since Dec. 15, including several times at 5-Mwe 
full power. No instabilities or evidence of uranium sep- 
aration were found such as led to earlier troubles be- 
fore design modifications were carried out (NU, Oct. 
60, 28; Jan. 61, 25), and project leaders expressed sat- 
isfaction with the reactor’s performance to date. Present 
plans are to continue running at least until May 1, al- 
though one shutdown is scheduled before then to insert 
some corrosion specimens into the core for study. Ter- 
mination of the homogeneous program (“in favor,” AEC 
said, “of increased development of the molten-salt con- 
cept”) would write finis to one of the brightest dreams 
f the early days of nuclear power: the reactor system 


composed only of “a pot, a pipe and a pump.” 

rURRET TERMINATED TOO 

Los Alamos’ Turret reactor, an effort to pioneer unclad 
fuel elements in a high-temperature gas-cooled reactor, 
was dropped from AEC’s 1961 construction plans late 


last year, it was learned last month. The $5-million 
project got the axe, AEC first said, “because of greatly 
increased construction costs”; this was promptly corrected 

after Los Alamos said costs had not risen—to state 
that “unclad fuel performance and problems of radio- 


active circulating coolant gas can be investigated in ex- 
isting reactors \bout $450,000 has been spent to date 
on the project, Los Alamos said, over half for initial en 


gineering studies. Title I design was nearly complete 
was to begin this month. The special 


of 20 scientists and engineers will all be 


and construction 
Turret team 


reassigned 


TO START BUILDING MGCR PROTOTYPE 

AEC has finally announced construction of the Maritime 
Gas-Cooled Reactor land-based prototype, BORE (Beryl- 
lium Oxide Reactor Experiment), in Idaho. The long- 
awaited pilot plant for an advanced nuclear merchant 
ship reactor will be designed, built and tested by Gen- 
eral Atomic division, General Dynamics, which has been 
developing the closed-cycle nuclear gas turbine concept 
since February 1958. Proposals from architect-engineer 
ing firms to AEC were due Feb. 20. Construction is 


to start this summer northeast of the Naval Reactors 
Facility in the National Reactor Testing Station. The 
high temperature helium-cooled, BeO-moderated unit, 
fueled with a mixture of UO: and BeO, will have a first 
core 75 in. long and 24 in. dia, surrounded by a 7-in. 


thick BeO reflector. It will permit He outlet tempera- 
tures up to 1500° F at 1120 psia, and power om up 
to 10 Mwth. MGCR has been under development as 
a 70-Mwth unit, so BORE’s core volume has been reduced 
to 4th to maintain the same density; however the con- 
ceptual design of BORE includes provision for possible 
subsequent installation of a larger core within the same 

|. Likewise it will be built at the outset 
vithout power conversion equipment, but a gas-turbine 
may be added later to demonstrate closed cycle opera- 
tion. GA has been doing critical experiments on a 
honeycomb-type MGCR critical assembly at its labs near 
San Diego 


9 INTERESTED IN ORGANIC REACTOR 
Nine public power utilities have expressed interest in 
AEC’s proposed Improved Cycle Organic Cooled Reac- 


pressure VeSS¢ 
I 
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tor of 50 Mwe. They were: City of Burlington, Vt., 
plus 13 associated Vermont and New Hampshire public 
power groups; City of Hamilton, Ohio; Dairyland Power 
Cooperative, La Crosse, Wis.; Grand River Dam Author- 
ity, Vinita, Okla.; Mineral Country Power System, Haw- 
thorne, Nev.; City of Greenville, Tex.; Choptank Elec- 
tric Cooperative, Denton, Md.; Plains Electric Genera- 
tion & Transmission Coop., Albuquerque, N. M.; Delta 
Electric Power Assn., Greenwood, Miss., with Southwest 
Miss. Electric Power Assn., Lorman, Miss., and allied 
groups. Burlington and Dairyland have been involved 
in previous atomic power projects (NU, Nov. ’58, 24; 
April 59, 25; Feb. 60, 18). Meanwhile . 


AI GETS ORGANIC DESIGN JOB 


. . . Atomics International disclosed it had been author- 
ized by AEC to proceed with conceptual design of the 
50-Mwe px cli organic reactor, which is regarded as 
a prototype for a later 300-Mwe scale-up. The 50-Mwe 
unit is scheduled for 1964 start-up. 


PRICES SET FOR REACTOR RESEARCH 


The Western New York Nuclear Research Center, Buffalo, 
has set prices for use of its 1-Mwth pool reactor, to go 
critical in spring: $30,000/man-year for research by the 
center’s own staff and use of lab space and equipment; 
$1,000/wk for use of the 12-in. beam tube, $500/wk for 
the smaller tube, or thermal column. 


INDIAN POINT NEARS COMPLETION 


Consolidated Edison’s Indian Point nuclear station is 
90% completed; pressure testing is under way using steam 
from an auxiliary conventional boiler. The turbine has 
been rolled, the superheaters tested and sealed. Criti- 
cality is scheduled in September. 


NUCLEAR NAVY GROWTH QUICKENS 

The accelerating tempo at which nuclear Navy projects 
are coming to fruition was never so —— as in the 
last month, when the Navy’s 16th A-sub, Shark, went to 
sea for the first time Jan. 22, only to be followed by the 
17th sub, Abraham Lincoln, on Jan. 29. Shark, the third 
Skipjack-type attack sub, was commissioned Feb. 9. 
Lincoln completes the first class of five Polaris-firing 
sub, Theodore Roosevelt, fourth in the class, having 
been commissioned Feb. 13. George Washington, first 
Polaris sub, returned from her first patrol after setting a 
new 67-day submergence record (beating Seawolf’s 60- 
day mark set in fall of 1958); she was relieved on station 
by her sistership Patrick Henry. (Third of the class, 
Robert E. Lee, is running shakedown cruises and will 
soon begin regular duty.) Meanwhile the second of the 
improved Ethan Allen class of Polaris subs, Sam Hous- 
ton, was launched Feb. 2; and the keels of two more, 
Lafayette and the still-unnamed SSBN 620, were laid. 
Among the nuclear surface ships, seven reactors aboard 
the carrier Enterprise were being prepared for criticality 
(one is already critical); one of the cruiser Long Beach's 
two reactors was expected to start up early this month, 
and the frigate Bainbridge is to be launched in April. 

In Washington, the Eisenhower administration’s fiscal 
‘62 budget called for thirteen more naval reactors—five 
Polaris and three attack subs would be fully funded, 
while long-lead-time component procurement for five 
more Polaris subs would be authorized. And President 
Kennedy told Congress he had directed action to use 
unobligated shipbuilding funds to order immediate starts 
on the [seven] Polaris subs authorized only for advance 
procurement in fiscal ’61. 
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WORLD NEWS 


Euratom’s Organic Program Advancing 


Euratom has asked for a proposal to design an experi 
mental organic-moderated heavy water cooled reactor of 40 
Mwe, 150 Mwth, called ESSOR—pilot plant in the $6-mil- 
lion, Euratom-wide ORGEL project to develop the or- 
ganic reactor concept. Two German firms—Siemens and 
Interatom—in cooperation with Indatom in France, Bel- 
gonucléaire in Belgium, Neratom in Holland, and others 
—are preparing the proposal, to be submitted by April 
80. Likeliest location for ESSOR (French: ESSai 
ORganique, or “organic trial” reactor) if it is built would 
be Ispra, Euratom’s main nuclear lab. Euratom had 
earlier signed 12 research contracts on ORGEL work 

seven in France, four in Italy, one in Belgium. The two 
most recent in France call for work at Grenoble, using 
the Mélusine pool reactor, to determine the best organic 
coolant; and study of heat transfer in organic reactors. 


France, Euratom to Build Gas-Cooled Unit 


France and Euratom will collaborate on an experimental 
gas-cooled reactor to be built at the Commissariat a 
lEnergie Atomique’s new reactor testing station at 
Cadarache. The advanced reactor would be fueled with 
enriched uranium. It would be about 30 Mwth in 
power level, with gas exit temperatures on the order of 
930-1110° F. Construction would presumably start 
some time next year; and agreement covering the joint 
project is expected to be signed soon. 


U. S. U-235 for French Sub’s Critical 


The U. S. has delivered 44 lb/enriched uranium to 
France for the critical experiments on France's first nu 
clear submarine. The 90%-enriched U-Al alloy plates 
clad in Al are for use in a critical assembly at Saclay 
for the land-based prototype reactor to be started this 
year at Cadarache. France is undertaking to design her 
own nuclear submarine propulsion plant—just as she 
achieved independent development of the gaseous dif- 
fusion process and of nuclear weapons without help. 











Germans Let Design Contract on A-Ship 

A design and development contract for Germany’s or 
ganic ship reactor was signed in Hamburg by Euratom, 
GKSS (Gesellschaft fiir Kernenergieverwertung in Schiff 
bau und Schiffahrt = Society for Nuclear Energy Utiliza- 
tion in Shipbuilding and Navigation), and Interatom 
the jointly-owned subsidiary of Atomics International and 
Demag, German heavy machinery manufacturer. Un- 
der the contract, Euratom will finance 40%—$1.06-million 
—of the $2.7-million design and development costs for 
a 10,000-shp OMR. Preliminary design had begun earl) 
in 1959; final blueprints are now to be completed by 
end of 1961. Although German shipyards faced a Jan. 
31, 1961, deadline to submit proposals on building the 
ship, decision on construction of the vessel (probably a 
22,000-ton tanker, costing about $8.3-million and taking 
2% years to build) will be made early in 1962. It’s 
hoped Euratom will contribute also to its construction 
cost. This is the first time Euratom is participating in 
an all-German project; however it plans also to promote 
nuclear ship projects in France (gas-cooled), Italy and 
the Netherlands (both pressurized water). 


Tri-Nation Zirconium Firm Formed 








Zirconium has lured Montecatini, Pechiney and Degussa 
into partnership. The Italian, French and German firms 
—three of the biggest names in European metals and 
chemical production and all three deeply involved in 
atomic energy—have set up a joint subsidiary with equal 
participation, to produce zirconium sponge and ingots, 
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and to do research on new applications for the metal 
in the chemical as well as the nuclear industry. The 
new company, Société Industrielle du Zirconium, will 
have headquarters at 195 rue du Faubourg Saint- 
Honoré, Paris 8. Sale of its products will be handled 
both by a sales organization of its own, and by those of 
the participating companies. 


Francesco Giordani Dies 





One of the founders of Italy’s atomic energy program 
and of Euratom, Francesco Giordani died after a long 
illness in his native Naples, aged 64. A professor of 
chemistry at the Univ. of Naples, he was long president 
of CNRN, the National Committee for Nuclear Research. 
In 1956 he headed the Italian team that negotiated the 
U. S.-Italian research bilateral. He helped lay the 
groundwork for establishment of Euratom, and was 
with France’s Louis Armand and Germany’s Franz Etzel 
one of the “Three Wise Men of Euratom.” 

22nd Triga to Mainz Univ. 

Prof. Fritz Strassman, co-discoverer with Otto Hahn of 
nuclear fission in 1939, will get a Triga reactor for his 
Institute for Inorganic and Nuclear Chemistry at the 
Univ. of Mainz. The Bonn government has made avail 
able $367,000 toward purchase of the reactor, to be 
financed jointly by the Federal government and the state 
of Rhineland-Palatinate. The 30-kwth Mark-II (above 
ground) Triga constitutes the 22nd Triga sale, giving 
General Atomic, its builder, a clear U. S 
lead in research reactor sales competition. 





and world 


Japan Nears Decision on 2d Power Unit 





Japan Atomic Power Co. is close to a final decision on 


plans for installation of its second large-scale power re- 
actor, to follow the 150-Mwe Calder-type gas-cooled unit 
now under construction at Tokai Nine power utility 
firms—stockholders in JAPCO—fought all last year to 
have their own reactors for their separate grids, but 
finally gave up and agreed to give the second reactor to 
JAPCO. There was also a struggle between two of the 
biggest among the nine—Tokyo Power Co. and Kansai 
Power Co.—to have the reactor located respectively at 
Kawasaki near Tokyo, or in the Osaka area. A gentle 
man’s agreement was reached late last year to have it 
installed on the Inland Sea coast near Himeji, about 20 
mi southwest of Kobe (in turn only 25 mi west of 
Osaka. Once JAPCO's decision 
sales competition can be expected between the West 


I 


inghouse- Mitsubishi group and General Electric, tied 


up with both the NAIG (Mitsui-Toshiba) and the TAI 
(Hitachi) groups (NU, May ’58, 24; Jan. ’59, 19 
JAPCO plans to send a mission to the U. S. this summer 
which presumably will visit both Dresden and Yankee 
—before it makes a final decision on reactor type. 


sealed, an all-out 


IAEA Governors Approve Safeguards 





At its Jan—Feb. meeting, the International Atomic Energy 
Agency's Board of Governors approved the safeguards 
principles and procedures against diversion of Agency 
assistance to military purposes 
by the Eastern bloc and India The General Conference 
last fall had approved the plan in provisional form 
43-19. The Board also approved IAEA participation 
with Norway in a joint reactor physics research program 
in Norway's new zero-power reactor, NORA. In a tri 
lateral (IAEA-Norway U. S.) contract, the U. S. will 
lend the 3%-enriched core it used in critical experiments 
for NS Savannah, while Norway will provide a natural 
and a 1.7%-enriched core. 


ver strong objections 
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NEWS 


ORNL Studying Non-Nuclear Projects 


A series of seminars on advanced technologies outside 
the nuclear field is being conducted at Oak Ridge Na- 
tional Laboratory as ORNL moves to consider what 
other research-development projects it —_ eventually 
adopt. Alvin M. Weinberg, ORNL’s director, com- 
menting on the seminars in his annual “state of the 
Laboratory” speech, had said: “Oak Ridge might con- 
sider areas of endeavors outside the atomic energy 
field.” But he also stressed ORNL’s fundamental role 
is the development of a truly long-term solution to 
mankind’s energy problem, and added that: “Although 
[ am very interested in seeing where the advanced 
technologies seminars lead, I cannot really believe that 
for many years ORNL must look beyond nuclear 
energy.” 

Weinberg explained that the Advanced Technol- 
ogies Seminar was organized in order to form an opin- 
ion as to whether such outside projects would make 
sense as work for the Lab. He said: “In these sem- 
inars a variety of possible additional missions—some 
quite outside nuclear energy—are being discussed. 
For an advanced technological problem to be uniquely 
suited for further exploitation by us, I would say it 
must be big, expensive, strongly in the national inter- 
est, and must not be ready for commercial exploita- 
tion.” Among such missions, Weinberg mentioned de- 
salting of sea water, weather science, oceanography, 
space technology, chemical coritamination of the bio- 
sphere, and large-scale biology. 

“Our job as a National Laboratory,” he declared, 
“must be to do those things which are needed to put 
sense into our country’s atomic energy program. If 
this means gambling on very big projects on whose 
success the future of large parts of the institution de- 
pends, we must be ready to take such gambles.” 
He explained: “The central job of nuclear energy—the 
levelopment of a long-range energy source, complete 
with waste disposal and chemical recycle, which will 
be available when we really need nuclear energy”—this 
prime task “is not being attacked with full vigor and 

less.” Explaining further, Weinberg said: “If 

r course in applied research consists primarily of 
loing big, complete projects, we must be able to 


identify a succession of big projects which are in the 


national interest and which the Laboratory is ready 


ind willing to do. In nuclear energy, because of 
heavy pressure from private or quasi-private institu- 
tions, the projects which are open to the Laboratory 
tend to be circumscribed. Many suggestions have 


the 


refore been made that the atomic energy labora- 
tories should begin to look at projects in other areas 
f technology which are in the national interest.” 


NCRP to Remain a Private Body 


The National Committee on Radiation Protection, 
which has initial basic responsibilities for recommend- 
ing radiation exposure levels in the U. S., has resolved 
to turn down several invitations to join other private 
groups. It will remain an independent scientific or- 
ganization. This resolution for the 31-year-old group 
vas reached, according to NCRP officials, after a study 
of the related problems of affiliation. Recently, there 
was discussion about NCRP’s joining the proposed 
Institute on Radiation (NU, Feb. ’61, 27). Now, 
NCRP, in order to clarify its status as a private group 

it has 150 of the nation’s pre-eminent physical and 
radiation health scientists as members—will draft and 
formalize a constitution and by-laws, and, in order to 
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retain its autonomy objectives, will seek public and 
private financial assistance grants as a non-profit or- 
ganization. 


Little Support for Federal Nuclear Power 


Despite a report in January of the Kennedy—Johnson 
Natural Resources Advisory Committee recommending 
vast federally-produced low-cost nuclear power, no 
support for the idea has been shown by | tena ws 
leaders. This was indicated by an informal survey by 
NUCLEONICS of officials in a position to implement the re- 
port’s recommendations in both the executive and leg- 
islative branches of government. Said one House 
member, a leader in defining House Interior and nu- 
clear affairs: “The development of nuclear power con- 
tinues to be a straight research-development job. The 
question of public-vs—private nuclear power, despite 
its fires being fanned by the last Administration, is a 
non-sequitur, and the only way to stop being such, in 
point of time, is for federal and private funds to de- 
velop competitive power from the atom. This will 
take some time. The Kennedy—Johnson advisory re- 
port was interesting, but I cannot consider it as the 
guideline for atomic power.” 

Rep. Frank R. Smith (D-Miss.) directed the re- 
port's preparation following recommendations made by 
the committee’s 200 members who represented regions 
throughout the U. S. Besides urging the Kennedy 
Administration to provide a vigorous conservation and 
energy resources development program, the report rec- 
ommended an increased nuclear and solar energy pro- 
gram for all regions. It urged the government, more- 
over, to assert primary — for supplying nu- 
clear energy: “Atomic power develo and finan 
by the people should be made available from federal 
nuclear power as soon as production costs can be ma- 
terially reduced.” 


AEC Denies Halt in Equipment Grants 


AEC has denied industry rumors of a halt in some 
equipment grants to educational institutions. AEC 
had stopped training-reactor grants last August, but, 
in recent months, rumors have been spreading that 
other types of equipment were being dropped from 
the grant program. AEC officials, who said they have 
been getting queries as a result of the rumors, de- 
clared: “The only thing excluded from the grant pro- 
gram is the teaching reactor—everything else is still 
in.” Noteworthy are the amounts AEC has com- 
mitted for grants: more than $1 million of its current 
$3.1 million grants budget in a round of grants an- 
nounced last November; a second round is to be made 
in April. About $3.5-million has been requested in 
the '62 budget for grants in the fiscal year beginning 
July 1. 


Rep. Morris Joins JCAE; Hearings Scheduled 

Rep. Thomas G. Morris (D-N. M.) joined the Joint 
Committee on Atomic Energy last month as the suc- 
cessor to former Rep. Carl Durham (D-N. C.). Rep. 
Chet Holifield (D-Calif.) took over the chairmanship 
from Sen. Clinton P. Anderson (D-N. M.). Morris is 
a 41-year-old civil engineer and rancher who is begin- 
ning his second term in Congress. Under Hollifield’s 
chairmanship, JCAE has slated hearings on the state- 
of-the-atom (began Feb. 21), the nuclear-rocket pro- 
gram (closed hearings in March), radioisotopes in agri- 
culture, biology and medicine (March or April), and 
the nuclear regulatory situation (probably in April). 
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RADIATION NEWS 


Civilian Food Irradiation Program Gets New Manager 
Management of AEC’s civilian food-irradiation program 
was taken over last month by Kevin G. Shea, a senior 
scientist from Curtiss-Wright Corp., and a veteran of 
five years in the food-irradiation field. The program 
is conducted by AEC’s Office of Isotope Development. 
As a food technologist, Shea spent three years in the 
military food-irradiation program as executive secretary 
of the Interdepartmental Committee on Radiation Pres 
ervation of Food; he joined C-W two years ago when 
C-—W received the Army Quartermaster Corps’ contract 
to design a large cobalt-60 irradiator. Shea was also a 
consultant to the Organization for European Economic 
Cooperation -from late 1959 to early 1960—on estab 
lishment of a low-dose food-irradiation program in 
Western Europe. 

The new manager was brought into the civilian pro 
gram, one AEC official explained, because “we felt we 
wanted to get a senior person with substantial experi 
ence in both food technology and radiation—processing 
of food—whose job would be solely management of the 
food programs.” Shea will also manage AEC’s part in 
the Army’s food-irradiation program: mainly, the design 
construction, and testing operation of a new research 
facility to be built at Natick, Mass. Natick will have 
both a 1-million—curie cobalt-60 irradiator and a 24- 
Mev, 18—kw electronic linear accelerator for food-irradi 
ation research. 

Meanwhile, Brookhaven National Laboratory has gon 
out for industrial bids on the second research facilit 
in the civilian food-irradiation program—a Chinese copy 
of the 30,000-curie, cobalt irradiator to be installed at 
Mass. Institute of Technology early this year. The se 
ond irradiator will go to a university on the West ( 
for low-dose studies on fruits and vegetables. Brook 
haven hopes this irradiator will be completed by 
June 30. 


Tracerlab Charges 2 Former Employees with Pirating 

In a suit in Federal District Court, San Francisco 
Tracerlab, Inc., charged two former employees with 
pirating secret company information which, allegedly 
enabled them to underbid Tracerlab on a $347,000 Navy 
contract for radiation-monitoring devices for use on 
nuclear submarines (plus spare parts) 

Tracerlab maintains that the guiding factor in su 
a case is not the existence of a patent, but whether the 
item in question is unique and whether it was developed 
exclusively through the efforts of its declared owner 
Tracerlab said that the two employees involved held 
the titles: business manager/temporary contract manage! 
and supervisor of contracts and systems engineering 
The former official became president, the latter, vice 
president, of the Electro Neutronics, Inc., Albany, Calif 
They left Tracerlab’s Richmond, Calif., division in 1960 
Subsequently, EN won a Navy contract for 43 radiation 
monitors with a possible 15 additional units to be 
ordered. Tracerlab alleges that the design for these was 
stolen, along with sufficient pricing information to en 
able EN to underbid Tracerlab for the job. Tracerlab 
claiming $100,000 damages, received from the court 
a temporary restraining order, late in January, against 
fulfillment of the contract by EN. . 

Tracerlab maintained further, in its suit, that although 
the work was done under Navy contract, the Navy’s onl; 
function was to supply performance spec ifications, from 
which Tracerlab worked almost two years to develop th 
detection device. Several devices were subsequent] 
sold by Tracerlab to the Navy. “Also,” reads the com 


} 


ii 
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plaint, “the cost analyses and estimates were the 


result of continued tabulation, study, and correction 


f costs and methods during the peri id of experimenta 


tion, trial and error, and developm« 

A spokesman for EN told NucLEoNIcs that its de 
fense was based on the fact that the devices in question 
would not have been developed without the presence of 


} 


a government contract, and that, conse quently, the so 
called “secrets” must be considered to be in the public 
domain. Further, EN claims that because the govern 
ment allows a fixed and limited profit margin, and be 
cause the aniounts of contracts are public knowledge, it 
is relatively simple to work it a basic pricing for ula 
without access to secret company information A settle 


ment of the case out of court has been predicted b 


informed sources 


Euclid Studies Radiation-process control Field 


Euclid Electric Mfg. Co. started a 6—month survey and 
evaluation study in January to determine whether it 
could, economically, enter the radiation-p1 cess-control 
field. Heading this study for Pp ssible diversificat i 
new director of advanced research for the Madison 
Ohio, firm, is Clive Yeomans, a veteran of 12 yea 
radiation technol ta" he was formerly with Martin ¢ 
Lewis Research Laboratory of the National Aeronautics 
and space agen¢ and Victores Instrument ( [The 
study will show if Euclid’s existing production facilities 
can be utilized to manufacture the new line of radi 
isotopic control devices as well as its traditional heay 
industrial equipment: prime movers and heavy-duty 
electrical engines Devices to be « ered by the stud 
include those which use cobalt-60, cesium-137 and 
iridium—192. Euclid’s license application for reseai | 
with these sources, as well as neutrons for P ssible 

tron gages for moisture detection, has been filed with 
AEC. Other objectives of Euclid’s study includ 1. 


determine use of and market for radiation devices am 


its traditional customers; 2. determine whether its sal 
men can handle, without extensive retraining, the new 
production line A de i810on 1 expe te d this rl 


I 
3—M Makes First Big Sale of Radionuclides 

Minnesota Mining & Manutacturing Co. recently be ine 
a supplier of nuclide sources, with its first large sak 
a radiation—gage manufacturer of beta—emitting mat 


rials. The firm’s mi rospheres M claims to be 
chemically inert and harmless (except for radiation) in 
case of accidental ingestion, are ceramic—coated in three 
steps: I. the isotope is sealed within the ceramic mic 
spheres or “beads”; 2. these are sealed in stainless steel] 
or another metal ind 3. the are coated again vith 
ceramic. Except when required for medical experim¢ 
tation such as cancer therap here short lived iso 
Id | d form 3 M will S¢ l] only comple te 


topes are Solid In Dea 


sources 


U. S. Nuclear Corp. Buys Isotope Spec ialties Div. 


sotope Specialties, a Burbank, Calif. division of 
Isotope S; It I 


N a 
Corp. of America, has been purchased b U. S. Nuclear 
Corp., also of Burbank. Isotope Specialties, a produc 
of labelled comp‘ unds and an active consultant 
tion matters, will retain its identity, but as a divisi 


its new owner. Alden Tschaeche, formerly West Coast 


manager of Landauer, Jr., & ( i film badge firm, will 
be general manager. By this acq tion, U. S. Nuclear 
complements its activities in radiochemicals health 
physics, servicing, detection insti ent trace nd 
radiation handling and shield « |! 
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AB Today nuclear engineers must 
function simultaneously and successfully in two time zones 
... in the Now of Practicality and the Tomorrow of Possi- 
bility. Through the development of atomic power, Stone & 
Webster has served as a bridge between these often appar- 
ently conflicting objectives /\ At Yankee Atomic, Stone & 
Webster engineers applied their skill and experience to the 
task of tailoring the most advanced theories to present com- 
mercial expectations {6 While future design may prove 
more economical, the Yankee Atomic Electric Company 


project has more than exceeded original expectations NS 


OF Stone & Webster constructed this nuclear power plant at 

Rowe, Massachusetts, and designed 

; it in collaboration with Westinghouse 
AMD Electric Corpora- 


tion {$\, Currently, we 


are acting as Agent 








tHE 


for the design and 
supervision of construction of a nuclear plant for Carolinas 
Virginia Nuclear Power Associates, Inc. to be completed in 
1962 uN With our subsidiary, Associated Nucleonics, Inc., 


we are prepared to undertake complete design and con- 





struction of nuclear power plants here and abroad. 


STONE & WEBSTER ENGINEERING CORPORATION 
A Subsidiary of Stone & Webster, Inc. 


New York, 90 Broad St. Boston, 49 Federal St. Chicago Houston San Francisco Los Angeles Seattle Toronto Calgary 
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Maximum shield efficiency: 
FEDERATED INTERLOCKING* LEAD BRICKS 


With Federated’s unique interlocking bricks, there's no 
need to order extra thickness to safeguard against leak- 
age. Because of the unique design of the bricks, any 
Gamma rays that penetrate the first angle of a Federated 
interlocking joint will strike an equal or even greater 
depth of lead than the straight thickness of the wall! Get 
a full inch of protection for every inch of lead you buy; 
specify FEDERATED INTERLOCKING BRICKS. Federated 
also stocks many sizes of lead containers for handling 
materials with a wide range of radioactive intensities. 
For information about standard and special shapes of 
shielding lead, lead castings, lead-filled vessels and 
ontainers, write or call: Federated Metals Division, 
American Smelting and Refining Co., 120 Broadway, 
N.Y. 5, or your nearest Federated sales office. 

FEDERATED METALS DIVISION 


*Patent No. 2,970,218 


ANVAGWOD ONINISZSY ONY ONILISBWS NVDINSWY 


Where to call for information: 


. 7 ALTON, ILLINOIS CINCINNATI, OHIO LOS ANGELES 23, CALIF PORTLAND 9, OREGON WHITING, IND. (CHICAGO) 
Alt Howard 5-2511 Cherry 1-1678 Angelus 8-4291 Capitol 7-1404 Whiting: Whiting 826 
St. Louis: Jackson 4-404 CLEVELAND, OHIO MILWAUKEE 10, WIS ROCHESTER 4. NEW YORK Chicago: Essex 5-5000 
BALTIMORE. MARYLAND Prospect 1-2175 Hilltop 5-7430 Locust 5250 
« - Jrieans 5-24 DALLAS, TEXAS MINNEAPOLIS, MINN ST. LOUIS, MISSOURI IN CANADA: Federated 
Adams 5-5034 Tuxedo 1-4109 Jackson 4-4040 Metals Canada, Ltd 
sa ematge oie eat Toronto, Ont., 1110 
Fairfax 2-180; DETROIT 2, MICHIGAN NEWARK, NEW JERSEY SALT LAKE CITY 1, UTAH : ; 
Trinity 1-5040 Newark: Mitchel! 3-0500 Empire 4-3601 Birchmount Rd., 
BOSTON 16, MASS EL PASO. TEXAS New York: Digby 4-9460 Scarborough, Phone 
Lmerty 2-079 (Asarco Mercantile Co.) PHILADELPHIA 3, PENNA SAN tone 24, CALIF Plymouth 73246 
CHICAGO, ILL. (WHITING 3-1852 Locust 7-5129 Atwater 2 Montreal, P.Q., 1400 
Chicago: Essex 5-501 HOUSTON 29, TEXAS PITTSBURGH 24, PENNA SEATTLE 4, WASHINGTON Norman St., Lachine, 


Whiting: Whiting 82€ Orchard 4-7611 Museum 2-2410 Main 3-7160 Phone: Melrose 7-3591 
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WEIGHT RATE COMPUTATION 
ee Gives operator continuous recording 
———-z j of actual weight of solid fuels being 
conveyed by belt. For example, T/66D 
Multiplier-Divider calculates actual 
weight-rate from toad cell and belt 
speed measurements. 








nalog Systems simplify 


plant computations 


both pneumatic and electronic units available 


Analog computing systems have been known 
and used for years. Yet their potential for increas- 
ing plant efficiency has hardly been scratched. 

Just look what they can do! Continuous cal- 
culation of all the arithmetic functions: addition, 
subtraction, multiplication, division, square root 
extraction — in any combination. And all done 
automatically by a single packaged system. 

And look how it simplifies the operator’s job. 


Instantaneous calculation . . . with records to prove 
it. No slide rules, no interpolation, no planimeters 
— and most important — no mistakes. 

Because Foxboro Analog Computer Systems are 
relatively low-cost ($2500-5000 average) you can 
“spot” them about your plant for maximum effi- 
ciency. Or, they can be grouped together at a 
central location to solve more complicated equa- 
tions. Pneumatic and electronic systems available. 


CALCULATIONS MADE WITH FOXBORO ANALOG COMPUTING SYSTEMS 
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GAS FLOW COMPUTATION 

In common use to compensate gas 
flow readings — air and fuel — for 
changes in line temperature and/or 
static pressure. In the pneumatic sys- 
tem shown here, the Foxboro 1/46 
Multiplier-Divider and the Square Root 
Extractor allow operator to read cor- 
rected flow directly. 


LATIONS 


WHAT CALCU 


WOULD 
YOU LIKE TO AUTOMATE? => 





FOXBORO 
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MASS STEAM FLOW 
COMPUTATION 


Calculates weight-rate of superheated 
steam fiow, through a specific volume 
computing system individually de- 
signed for each application. Pressure, 
temperature, and flow measurements 
are combined so operator can read 
mass steam flow directly on a M/64 
Recorder. 


Foxboro, Mass. 


1 want to compute 


Name 
Position 
Company 
Address 
City 


me a ee eee meee ee ene HK KF 


BTU COMPUTATION 


Determines actual amount of heat 
being transfered to or from a heat 
exchanger. Electronic system shown 
uses a Foxboro T/66D Multiplier-Divid- 
er to produce a signal equal to prod- 
uct of flow and temperature differ- 
ence. Operator reads directly in Btu's. 


The Foxboro Company, 623 Neponset Ave. 


State 


Ihave a plant computation ! should like to automate. Can a Foxboro Analog 
Computing System do it for me? 








This Sandusky Centrifugal Casting —one of 
four produced for Westinghouse Atomic 
Equipment Department—meets radio 
intergranular corrosion, and al! 
ether rigorous chemical and physical tests. 


graphic, 


SANDUSKY 
CASTING ... makes 4 giant stator shells 


SANDUSKY © 


40 










Specified by Westinghouse for 4 canned 
motor pumps soon to be integral parts 
of reactor system in Yankee Atomic 
Electric Plant in Rowe, Massachusetts 


One king-size 17-ton Sandusky casting 
supplied the main motor bodies (stator 
shells) for the four pumps being built by 
Westinghouse, each to handle 23,600 g.p.m 
of pressurized water through the reactor 
core. 

The 25-foot-long Sandusky casting was 
centrifugally spun of a modified CF-8 
(Type 304 L) stainless steel, then ma- 
chined by Sandusky to a 3” wall thickness, 
3112” on the O.D. This huge casting was 


hydrostatically tested to 3800 psi before 
being sectioned into four 68” lengths 
These stator shells represent anothe: 
new and exacting application for Sandusky 
Centrifugal Castings— which may offer a 
practical and economical answer to your 


cylindrical requirements also. They are 
available in diameters from 7” to 54 in 
lengths up to 33 feet in heat- and cor- 
rosion-resistant stainless, carbon and low- 
alloy steels and a wide range of copper-base 
and nickel-base alloys 

Let us show you how Sandusky Cen- 
trifugal Castings can help solve your 
cylindrical problems. Write to us at San- 
dusky, Ohio. 


CENTRIFUGAL CASTINGS 


FOUNDRY & MACHINE CO. 


SANDUSKY, OHIO Stainless, Carbon, Low-Alloy Steels —Full Range Copper-Base, Nickel-Base Alloys 
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TubeXperience in Action 





Now INDICATION-FREE tubing 


an extra value in Superior nuclear-quality stainless heat exchanger tubing 








You can now specify indication-free 

Superior nuclear-quality stainless steel heat Some Typical Specifications for Superior Nuclear Quality Heat Exchanger Tubing 
exchanger tubing. When you do, you get 

tubing that has been subjected to the speci- Solution annealed, bright finish. Other tempers 
fied red or fluorescent dye penetrant inspec- + CONDITION and finishes can be supplied. 





tion procedure. All indications have been : wee 
Selected raw material with conditioned OD and 





*xplored and removed w » —— —- 

a me ae See one the ee ¢ RAW STOCK QUALITY ID. Tested for wall variations and concentricity 

allowable wall thickness. The resultant before processing. 

product is considered to be indication-free. : 

T ae . eA ae Commercial tolerances shall be held unless other- 
ae CURES SURES Cleeety See aiay wise specified. Ovality shall be held within 3% of 

lead to stress corrosion cracking, leaks and » FINISH QUALITY the theoretical average OD. Commercial straight- 

fractures when the tubing is bent. ness shall apply. Dimensional checks shall be 


made on a 100% basis. OD shall be 100%, visu- 
Specification STC 104 gives the quality and ally inspected. 
technical requirements of Superior nuclear- 





Both inside and outside surfaces shall be bright and 








quality heat exchanger tubing in austenitic + CLEANLINESS free from discoloration and carburization, grease, 
stainless steels, including Types 304, 304L, dirt, metal particles, and other foreign matter. 
316, 347 and 348. Write for your copy. Nu- , . 

' : : Iwo samples from each lot shall be flared 
clear heat exchanger tubing is available « FLARING AND FLATTENING per arnsoe or wader alto 

in other materials, too. Superior Tube : 

Company, 2027 Germantown Ave., Norris- + HYDROSTATIC TESTING All tubing shall be hydrostatically tested to work- 


ing pressures. 





town, Pa. 





The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to % in. OD—certain analyses in light walls up to 2Y, in. OD 


West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 


GS) Syoerrir (ude 
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YOUR COMPANY 
TO JOIN WITH US 
IN 
PINELLAS COUNTY 








CONTINENTAL Opricar Company 


A Here’s one of the few areas in 

Mp orton mitts America where it is possible to 

GALLAGHER c attract personnel in every cate- 
gory without difficulty. 

Why? — No executive or em- 
ployee need be more than 15 
minutes away from home and gar- 
den, from fresh and salt water, 
fishing, bathing, boating, water 
skiing ...no more than 15 min- 
utes away from schools, churches, 
shopping centers, recreational 
and social activities. 

All this, plus a favorable busi- 
ness climate...and SUN-sational 
living all year, in this enchanting 
land of flora and fauna. 

Executive decisions, after exten- 
sive site location surveys in many 
areas of the nation, have resulted 
in major companies locating here. 
Their managements will gladly give 
you the result of their findings. 


BEE BEE TOGS, Inc. 





NOTE: Persons seeking positions 
please write Florida State Employ- 
ment Service, 1004 First Avenue 
North, St. Petersburg. 





Clearwater 
Dunedin 

Gulfport 

Indian Rocks 
Largo 

Madeira Beach 
Oldsmar 
Pass-a-Grille Beach 
Pinellas Park 
Safety Harbor 

St. Petersburg 

St. Petersburg Beach 
Tarpon Springs 


For complete information communicate in confidence with: 
GREATER ST. PETERSBURG - CLEARWATER INDUSTRY COUNCIL 
GREATER ST.PETERSBURG CHAMBER OF COMMERCE 
Jack Bryan, Industrial Director / Department N, St. Petersburg, Florida 











March, 1961 - NUCLEONICS 


42 














Another FIRST for 











Rel ATIONAL NUCLEAR GRAPHITE 


ni TRADE-MARK 


The largest nuclear graphite ever produced is shown 


n process of machining at a National Carbon Plant. 


Each piece is 16.3” square by approximately 20’ 
long. Width, thickness, and hole diameter tolerances 
re 0.005”. The 5.125” diameter holes are bored 
through the full length 


nother example of the production and 


This is a 
machining facilities that National Carbon makes 


available to the nuclear industry. Whatever your 


Nat a and r are 
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NATIONAL CARBON COMPANY 


needs, have National Carbon do the job . . . whether 
it’s simple reactor blocks, fuel element concepts, low 
permeability graphite, molds or crucibles, complex 
reactor parts or intricate nuclear metal processing as- 
semblies. For information, contact National Carbon 
Company, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, New York. In 
Canada: Union Carbide Canada Limited, Toronto. 


UNION 





CARBIDE 





RAPID 
RADIATION 
ANALYSIS 


with RIDL Model 50-1 


AUTOMATIC 
SCINTILLATION 
SPECTROMETER 


...Sscans whole or any part of spectrum 
..,automatically prints out data and resets 


How much stability can one expect in an instrument? Surpris- 
ingly, a great deal . . . as found in the RIDL Mode! 50-1 
Automatic Scintillation Spectrometer. This fine spectrometer is 
just as useful today as it was when first introduced. Actually 
sales have increased each year. This obviously indicates good 
basic design, the utmost in reliability and wide versatility. 


The Model 50-1 is a completely automatic integral and dif- 
ferential single-channel pulse height analyzer. |t is used 
for identification of isotopes, for gross counting studies, com- 


parative measurements, luminescence studies and half-life deter- 


minations. It is ideal for use with automatic sample changers, 
resetting with each new sample. Due to the use of an elec- 


tronic sweep, there is no mirror effect. 


For beta and gamma spectroscopy or spectrometry, the Model 
50-1 offers small laboratories an instrument adaptable to a 
variety of detectors and experiments. Its separate components 
find multiple uses in large laboratories. It provides a choice 
of full-scale ranges and time constants, various scanning speeds, 
and a stable HV supply. The two-second Brown recorder 
included in the system provides various chart lengths. 


For a quality line of beta, gamma and X-ray spectrometers 
consult the RIDL General Catalog 61. For all detection and 
measuring instruments used the radiation field, write today 
to Department K 


Radiation Sushi po, ae ment cheubuveiion .™ 
, 4 


7 61 EAST NORTH AVENUE © NORTHLAKE, ILLINOIS 
PHONE: MUrray 1-2323 @ Cable Address: RADILAB 
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EX-CELL-ABILITY... 


progress in precision 


Problem: How to produce, in quantity, ex- 
tremely close tolerance parts from toxic, 
pyrophoric or radioactive materials. 





Solution: Ex-Cell-O Numera-Trol Machine Tools. Monitored by electronic tape, they will function com- 
pletely unattended in hot cells or inert atmospheres, and will automatically and continuously machine 
precision parts. Machine accuracy, 2.5X 10‘inch response. They are but one segment of the broad 
_ spectrum of Ex-Cell-O’s skills. Ex-Cell-O Atomics reflects the same competence as a source for control 
rod drives, remote handling equipment, reactor components, and precision parts and assemblies. 
Brochures on the philosophy and application of Numerical control for machine tools, and describing 
Ex-Cell-O Corporation, its facilities, skills and products are available. We shall be pleased to forward 
them upon’ request. Write direct, or phone TOwnsend 8-3900; cable XLO; TWX DE 175. 


GI-1IA 





MODEL 240 


MODEL 241 — 0.05% accuracy 


Here is the successor to de secondary stand- 
ards that employ mechanical choppers and 
standard cells. The new 241, featuring a Keith- 
ley-designed long-life photo-chopper, offers 
five-dial resolution from 0 to 1000 volts at up 
to 20 milliamperes. Stability is within 0.005%. 
Output — plus, minus or floating — can be 
dialed from 0 to 1000 volts in 0.01 volt steps, 
with noise and hum below 1 mv RMS. The 
241 is unaffected by shock or vibration and 
cannot be damaged in ordinary use. It is most 
useful in calibration of meters and transducers, 
testing insulation and leakage resistances, and 
as a voltage reference for analog computers. 


MODEL 241 


pick the accuracy you need 
from these Keithley high voltage supplies 


MODEL 240 — 1% accuracy 


This voltage supply is a general-purpose ver- 
sion of the 241, with similar features and some- 
what reduced accuracy and regulation. Three 
calibrated dials permit dialing any output to 
1000 volts in one-volt steps. The switch in- 
cludes an “off” position, facilitating timed 
measurements. Stability is within 0.02 volts 
+0.02% the first hour, or in subsequent 24- 
hour periods. The Model 240 can be used to 
furnish stable dc potentials in checking dc 
amplifier gains, and for production tests of 
transistors. Used with a Keithley electrometer, 
resistances over the range of 0.1 ohm to 10! 


ohms can be measured. 


brief specifications 





Output 


Regulation 





Current 


Voltage ma Accuracy 


Price 


Ripple Line Load 





0-1000 0-20 05% : lmv .005 % .005 % $800.00 








0-1000 0-10 1% . Smv 02% 02% $325.00 

















BREITH LEY INSTRUMENTS. INC. 
12416 EUCLID AVENUE CLEVELAND 6, OHIO 
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Baird-Atomic pioneers LOW COST liquid scintillation 











The development, field test, and 
customer acceptance of a versatile ra- 
dioisotope manual liquid scintillation 
relelbbehabet-a-t_t--pestedhmet-t-Bel--pemeledeshe) (14-10 Oi 
Here is a system for Carbon 14 and 
Tritium that 


and flexibility 


incorporates simplicity 
that is in the price 


range of all laboratories. 


Among its field proven features: sim- 
plified circuitry which assures reliable 
operation,negligible field maintenance; 
the high voltage supply, scaler and 
timer are all standard B Ainstruments 
— they can be used with other systems 
and tailored to your special needs; spe- 
cially designed, dark preadaption sam- 





ple holder accepts a variety of sample 
configurations and sizes; the system is 


compact and versatile 


These 
Model 745 Liquid Scintillation unit 


are available at the lowest cost you 


and other features of -the 


would expect to pay for reliable per- 
formance with liquid scintillation. You 
oh Coop ta com cele eamelelel=4-) Mi cel=4-) ab eslebu-w be des a 
mation —- write or call your nearest B A 


representative today. 


TOUTE: belo M [pa slel-Be} Se lel-1-B beta @r-Seoledulel=4-m 
New York, Philadelphia, Pittsburgh, 
Cleveland, Washington, D. C., Atlanta, 
Dallas, Chicago, Los Angeles, San 


DOP we: Soles t_leleml @l aa: Rug: WE @r- bel: tel:@ 


BAIR D-ATOMIC,/NC. 
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Installed at Harwell 
SHIELDING GLASS BY CHANCE-PILKIN 


Photograph : A Chance-Pilkington window being inserted at Harwell. (Photograph by kind permission of U.K.A.E.A. 





There are two very important points about this Chance-Pilkington 
shielding window, shown here under installation at Harwell. First, it 

is being “cold” side loaded. And second, it is exceptionally large in 
area. Two of the latest techniques employed are : 


1. ‘‘Cold"’ side loading. To facilitate fitting and removal of 
window assemblies, Chance-Pilkington make available windows suitable 
for “cold” side loading. 


2. Alpha Sealing Window Apertures. “Cold” side loaded 
windows can include alpha seal plates to prevent alpha contamination 
leaking to the “‘cold”’ side should the windows be removed. 
Physicists can save time and money if at an early planning stage they 
consult the Chance-Pilkington Advisory Service, regarding the design 
of the window and the window aperture. We supply efficient shielding 
windows at low cost. 


Obviously you will need fuller information than we can give here. 
Please communicate with : |. 
CHANCE-PILKINGTON OPTICAL WORKS 
PILKINGTON BROTHERS LTD., RADIATION SHIELDING DEPT., 
GLASCOED ROAD : ST. ASAPH - FLINTSHIRE - GREAT BRITAIN 
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ering by KAISER ENGINEERS 
-. answers basic plant expansion questions... 


. 





= 
Raw Mate rials ? Your final decision to expand or build results from 


es of important individual decisions. Raw material availability is one of them. Independent 
aly f all aspects of your proposed program is the Pre-Engineering service offered by Kaiser 
addition, KE designs and builds all types of power plants—steam-electric, gas 

»>d cycle, nuclear and hydro-electric. Whatever your requirements...from Pre- 

analyses through plant design and construction... Kaiser Engineers brings world- 


ence and ingenuity to their solution. 


Kaiser _ —_ tin ini aa il - ‘ 
ENG/NEERS iISE Fr ENGINEE RS engineers - contractors 


— Contracting since 1914 
Oakiand 12, Calif. — Chicago, New York, Pittsburgh, Washington, D.C 


Accra, Buenos Aires, Montrea!, New Deihi, Rio de Janelr ey. Vancouver, Zurich 6231-P 





RCA 25 KW R-F Load and Wattmeter lets you 
measure power output up to 890 MC 






Combines dummy load and r-f power measurement func- 
tion— Power indication given directly in watts—Easily 
installed-—- Used in high power applications for many years. EQUIPMENT NOW IN 

STOCK—AVAILABLE FOR IMMEDIATE DELIVERY 


A column of tap water is used for power dissipation. The oe 
25 KW R-F Load Assembly for frequency range 


input of the load consists of a polyethylene transformer 470-890 megacycles .. . Specify MI-19198-A2 Price $1,050. 
section to match the connecting line. The opposite end of 25 KW R-F Load Assembly for frequency range 

the line is short-circuited and contains the input and 400-450 megacycles .. . Specify MI-28646 Price $1,055. 
4 . rat 15 KW R-F Wattmeter for use with above loads 

output water connections. Broadband wattmeters with ... Specify MI-27350 Price $ 550. 
scale ranges of 0 to 15 KW or 0 to 25 KW are available. 25 KW R-F Wattmeter for use with above loads 

These allow direct incident power readings, or with a . . . . Specify MI-27363 Price $ 550. 
e . Connector required to add wattmeter to load 

180° turn, a reading of the reflected power. ... Specify MI-19089-10 Price $ 28. 


Note: Special loads can be supplied for 
other frequencies on a custom basis. 


Write to RCA High Power Electronics and Nucleonics 
Department §-86, Building 15-1, Camden, New Jersey 





The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 


® 








..tt'S what's i 
NUCOR 
DC-1900 


SCALER 


A new and extremely versatile scaler for use 
with G-M, scintillation, or proportional detectors 
— with outstanding features as: 



















e 1 MILLIVOLT SENSITIVITY 

@ DISCRIMINATOR FOR CONTINUOUS SENSITIVITY 
CONTROL TO 40 VOLTS 

PRESET TIME AND PRESET COUNT OPERATION 
2.5 MICROSECOND RESPONSE 

SCALER/COUNT RATE METER CAPABILITY 
500-3000 VOLT POWER SUPPLY 

ADJUSTABLE HIGH VOLTAGE LIMITER 

NON OVERLOADING AMPLIFIER 





Exceptional performance and dependability 
makes the NUCOR DC-1900 a scaler you can 





count on! 

For full information on the DC-1900 and other ‘ ™ 
NUCOR radiation detection equipment, [ 
write to Technical Services Department. INSTRUMENT AND RESEARCH DIVISION 2s 

a 


DENVILLE, NEW JERSEY 


“Tar 
: 
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60,000 kw 
Westinghouse testing 
reactor speeds 
radiation tests QP EN 

. Neer ‘ 
for industry 
and government 





Reactor Core. Nuclear fuel: i other mate Testing Reactor Facility. Most powerful privately Critical Experiment Station. Low power test 
t | fue vned mplete facility i S. Available to serve facility used to confirm physics of exper 
ments before exposure in the reactor 











ee,2 @eVWy 
- a ¥ 





| point of the operating facility; providing remote indication of 








Complete Laboratory Facilities Test Loop Control 


Center. Lo 
je a variety nvironn 


fe 
af 


ng irradi 





A+B+C (up to 8 inputs) 


Multiplication—K x — 


Ri 
R2 


for Atomic Power Plants... 
Hagan PowrMag Controller—solid state reliability 


calibrated knol 


Hagan’s PowrMag controller com 
bines the kind of reliability required 
by atomic power plants with a flexi 
bility of application that makes this 
one controller suitable for all control 
actions. Utilizing a high gain, opera 
tional magnetic amplifier, PowrMag 
can produce the full range of control 
actions by simple negative feedback 
through ordinary resistors or capaci 
tors. These “passive network” ele 
ments are simply and easily plugged 
into the basic amplifier chassis by 
means of an integral plug-board, as 
shown in the photograph. 

The PowrMag system uses high 
level control signal DC voltages 


which eliminates noise 


loss ind pha n 


capacitive 
hift problems. Thi 
trical transmission of sensing 
well as control signals 


eliminates the use of pneumatic line 


in problem The entire ampli 
fier is first potted, then cased in 
teel. Since any unit can perform 
iction by 1 simple 
change of plug-in components, in 
ventory and stocking problems ire 
eliminated. Power supply is unreg 
ulated 110vAC, and power consump 
tion is three watt 

odule j 


to indicate fuse failure 


iny control 


equipped with a 


plug in an output meter, 


QD 


HAGAN 


DIVISIONS: CALGON 


rain, reset and } Controller 


nents « eplaced without 
oldering operation 
The complet PowrMag lin 
lude th I | remote contro 
tation nd fin 
operator on 
ipplication « 
{ r plants, wri or phone 
NUCLEAR POWER DIVISION, 

Hagan Center, Pitt 
burgh 30, Pennsylvania 


HAGAN 
CHEMICALS & CONTROLS, INC. 


2AN CE 


itomit powe 


Room 808 
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Core baffle 


Se ee een ny 


Control rod 


Core barrel 


Fuel element 


CY 
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in. of type 304 s.s., has been tested hydrostatically 
times. The closure, with 52 studs and double seif- 
gaskets, has not leaked at ail, so seal-welding has not 
Each stud is 5%-in.-diameter SA-193-B16 carbon steel. 
are of SA-194-2HB carbon steel. A tap for periodically 

tor \vater leakage between the inner and outer O-ring gas- 
sah cman’ the reactor head bolting flange 


EACTOR FILE..NO.9 \W/ANIK E 


The Yankee reactor went critical on Au 
nating about two and a half years of 
mpared with plant construction and s 
basis, Yankees approach has been mor 
practice—in which the utility plays a ma, 
dination and startup. This method has 
Yankee, probably because its staff was 
ts role. In other cases, Yankee feels an 
betweer onventional and ‘turnkey 
The first months after criticality we 
training and core-physics testing at | 
November 10 the plant first fed electri 
and grid. Up until January 2, 1961, the 
separating the turbine-generator from t 
two were scheduled for gathering nucle 
were for turbogenerator testing and me 
Uuring this time the reactor was critica 
turbogenerator operated 688 hr while | 
kwh gross (36,184,000 net). On Januai 
reached its full licensed power of 110 N 
500-hr run, which is required under 


license. There were three shutdowns d 


From other 3 steam generators ¢ 


wher = 
" — = 
Pressurizer 


To other 
3 main 
coolant 

loops 


Wo 


Steam gen 


Loop, 


; safety 
—_ Shut 
fill 
down 


i cooling 
Reactor — 
vessel 


Feed, 
bleed 
purification 
chemical 
shutdown 





2 Each ot the four parallel closed piping loops 
shell-and-\J-tube steam generator, a single-spee 
a swing-tr9e 20-in. check valve, two gate-type s 
steel piping and instrumentation for pressure, t 
nections for auxiliaries and a bypass line around 
145 Mw at 3.5 in. Hg abs back pressure with 3% 
1,840,000 ib/hr (1,480,000 at 110 Mwe) steam 
with 0.25% moisture 



































KEE on the Line 


August 19, 19¢ ' h ended February 8, 1961. On January 22 the reactor was 
Ws O it down for 6 hr to check natural-circulation cooling. When 
truct and startuj y ‘turnkey e turbine-trip switch was thrown accidentally on January 
as been more akin t vent } 5 the plant was off the line for 1% hr. The steam lines were 
ty plays a major role lesif f spected for evidence of a suspected leak during a 2-hr shut 
nethod has worke juite well for jown on January 28 (actually, no ieak had occurred). Through 
t taff was very well prepared f t the 500-hr run the plant continued to respond nicely to 
ankee feels an apt ; ewhere } ntrol directions. The turbine and in-core monitoring sys 
ind ‘“‘turnkey’’ w i fit best tem, which had given trouble earlier, performed faultlessly 
lity were used f erator While the plant staff numbered 90 persons during core 
: ; at low pows eve iding and initial startup, only 65-70 men are involved in 
rst fed electricity to the New Eng perating the plant now. This is fewer than for a conventional 
y 2, 1961, there were 1 tdow plant of the same output, but the staff includes 12 profes 
from the transr grid nal men who supervise technical operations 
athe g nuclear data, the other 1 Yankee operators expect that it will take about 2 hr to re 
esting and mechanical ad tment tart the plant after a shutdown where the reactor remains 
tor wa ritical f 1,655 ithe hot, while it would take about 2 days to get up to full power 
688 while { { 11,694,0 ifter a cold shutdown 
et ynuary 17 r¢ the plant The second core, which will be a near-duplicate of the first, 
owe f 110 Mwte et and began a will be fabricated by Westinghouse and ready for installation 
juired under Yankee prov ; by about February, 1962. In the meantime, thought is being 
wns d the hr given to development work needed for an advanced Core 3 





Vessel! 

(109” i.d., 8” thick) 
Thermal shield 
(99” i.d., 3” thick) 


Core barrel 


Moisture separators 
generators - ie 






Generator 


[te 
Condenser 
Feed 


water 
heaters 
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1 piping loops in the primary system has a vertical 3 Core section shows location of control rods, shim rods, 

@ single-speed 23,700-gpm canned-motor pump, and fuel elements. Center tube in 19 fuel elements in one 
wo gate-type stop vaives, 20- and 24-in. stainless- quadrant of core (and in one fuel element in each other 
or pressure, temperature and flow, as well as con- quadrant) is used for inserting activation wire for measuring 
ss line around the reactor. Steam turbine, rated at neutron flux along core height. Core exit water temperature is 
ssure with 3% makeup, operates at 1,800 rpm with monitored continuously to + 2-5° F by 27 thermocouples that 


) Mwe) steam at 460° F (472) and 453 psig (510) show power and temperature shifts. Baffle separates water 
flowing down outside core from that flowing up inside 















































e Line 








8, 1961. On January 22 the reactor was 
to check natural-circulation cooling. When 
switch was thrown accidentally on January 
the line for 1% hr. The steam lines were 
of a suspected leak during a 2-hr shut- 
(actually, no leak had occurred). Through- 
the plant continued to respond nicely to 
The turbine and in-core monitoring sys 
trouble earlier, performed faultlessly. 
staff numbered 90 persons during core 
startup, only 65-70 men are involved in 
now. This is fewer than for a conventional! 
output, but the staff includes 12 profes- 
technical operations. 

expect that it will take about 2 hr to re- 
a shutdown where the reactor remains 
take about 2 days to get up to full power 


which will be a near-duplicate of the first, 
by Westinghouse and ready for installation 
1962. In the meantime, thought is being 
work needed for an advanced Core 3. 


(109” i.d., 8” thick) 
Thermal shield 
(99” i.d., 3” thick) 


Core barrel 


source 


ee ee ae 


ee 


Control rods (24) 


Fixed shim rods (8) 


Baffle 
(78” across, 42” thick) 


Center tube in 19 fue! elements in one 
core ‘im one fuel element in each other 
for inserting activation wire for measuring 
Core exit water temperature is 
+2-5° F by 27 thermocouples that 
shifts. Baffie separates water 
core from that flowing up inside 


| ‘shows location of contro! rods, shim rods, 
core (and 


(92.7” i.d., 1” thick) 


Startup neutron 


See 
BN 





Characteristics of YANKEE 


Location « Rowe, Massachusetts 
Owner & Operator « Yankee Atomic Electric Co. (10 New England Utilities 
Reactor-system design « Westinghouse Electric Corp 
Construction; plant design « Stone & Webster Engineering Corp 
Output—heat +» 485 Mwith) (392 initially 

net electrical + 136,000 kwie) (110,000 initially 


Component Design Data 
Pressure vessel 


Materia SA-302B carbon steel 
Outside height; i.d.: 31.5 ft; 9.1 ft nside clad 0.109 in. 304 s.s 
Wall thickness 8 in Design pressure: 2.500 psig at 650° F 
p g 
Core Ize 75.4 in. dia x 91.86 in. (cold 
Composition (at 514° F U0 sap SS-348 Zircaloy—2 Wat 
gm/cm 10.10 / 80 6.51 0.7; 
in 143,025 6,725 48,219 12,137 201 
Ib 52,190 13,588 2,855 5.6 


Fuel elements 


Type UO. pellets in s.s. tubes Pellet size 0.294 in. dia x 0.€ 


Enrichment 3.40 vladding 348 s.s 
Number 16 fuel elements; 23,142 wd 21 mil; 0.298 in 
tubes; 3,470,000 pellets Burnup, avg 7,830 Mwd/ tonne 
Rods/ element 304; 305 (in other 38 Endurance 10,000 hr @ 392 | 
Rod spacing 0.422 in. centers UO. max.temp: 4,330° F 
Element size; wt 1 6lin.sq.x 111% Clad max. temp.: 663° F 
V Heat surface 15,500 ft 
Pellets/rod 150 (25 x € 


Control rods 


Shape; no.; size ruciform; 24; 7.865 ir Weight/rod 190 Ib (355 with 2 
Absorber lengtt 0.5 i Withdrawal rate 
Absorber materia 80 wt% Ag, 15 wt scram time 
v R N 
[ Lat apne 


Nuclear Design Data 





Th.-neut. , avg 2x 10!2 n/cn 8 Control requirement 

Avg neut. energy ~ 0.07 ev Fuel burnup 6.9% Ak 

Prompt-neut. life 1.85 x 10 se Equilibrium Xe & Sm 3.2% Ak 

Eff. delayed-neu Hot to cold 12% Ak 
tron fraction 0.0071 Doppler (0-full power 2.5% Ak 

Over-all temp. coef 2x 10~* Ak/k/? Foro 198% Ak 


Control capability—total rod worth: | Ak/k; —boric-acid worth: 8% Ak/k 


Heat Transfer Data 


Coolant H.0 Operating pressure: 2,000 psig 
Volume 24,000 gal. total, 870 in core Pressure drop 16 psi core 
Flow 14 ft/sec avg +7% (core Core flow area 15.4 ft 
34 x 106 Ib/hr (core Core heat flux 
8 x 106 Ib/hr (reflector verage 86 300 Btu’t 
Temp.—inlet 496° F naximun 446 300 Btu 


outlet Se burnout 380,000 Btu 



































Position- 
indicator 
coil 








- Unlocking 
rod 


ae os 
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Drive shaft ‘ia 
G| é 


Load-transfer 
coil 








Stationary 











gripper 
coil, | 
Movable 
gripper Lift coil 
coil . 
“fH 
Pull-down 
— coil 
Seal weld 


Reactor-vessel 
head 











4 Latch type magnetic jack mechanism 
drives each of the 24 control rods 
Electromechanical system (not shown) 
indicates position of each rod exactly, 
but lights on control panel tell approx 
imate position via inductance changes 
in series of hollow transformers along 
length of each control rod 





Shield tank cavity 


Fuel manipulator Steam | 








Pressurizer 








Reactor core Concrete shield 


b/s . : 
Main coolant a nammn 
ie aia biditcd . 
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Purge ducts Spent-fuel storage Spent-fuel 


lon exchangers 


Neutron shield tank 


§ unlike most nuclear plants, Yankee’s contain- ponents are brought by r 
ment vessel is wholly above ground — in fact, it is sphere, then the crane \ 
elevated atop sixteen 42-in.-dia columns. Although equipment up through a) 
this makes pipe runs long and costs more to build sphere. For instance, eac' 
than in-the-ground containment, all the welded generator was installed | 
seams can be inspected inside and out, and equip- struction was not delaye 
ment installation, maintenance and replacement cans receiving the reactor v 
be performed independently and fast. Large com- about 3% of the electric 


© 
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Description of YANK 


The heart of the Yankee plant is a light-water 76 sleeves welded directly to the plates. The sleeves the stationary gripper holds 
cooled and -moderated pressurized reactor whos¢ together with spacer rings on the outer ed | 


: age ol the able gripper goes to a new | 
core consists of 3.4 %-enriched l O pe llets in sta plates stiffen the two plate s and form a rigid sand- lower the control rod throug 


less-steel tubes. Fission heat in the reactor raises wich-type support structure movable and stationary gr 
the 2,000-psig closed-cycle water to ~529° F befor: he 1-in.-thick 734-ft-i.d. core barrel is between the latches engage and di 


it passes through four vertical steam generators the baffle structure and the thermal s} the lower 


nieid ; the grooves without load—this 
parallel) to produce steam on the secondary side at 


e-support plate is doweled and bolted to the lower weal The operating cycle } 
about 467° F and 500 psi. This steam is led off to a rim of this barrel. The entire core-support structure of cal 


}} 


ns driven by a fixed-s] 
conventional turbine-generator in a separate build rests as a unit on a ledge within the vess The control rods can be s 
ing. Novel features include: = 


® A wholly above-ground and elevated containment Fuel Elements to fall th ; he saci 
sphere for easy inspection and equipment installa The solid cylindrical pellets of 3.40%-enriched Power failure also de-energi 
tion and maintenance. UO, are stacked in the fuel tubes in grou f 25 in immediate scram; the 
© Use of boric acid solution in reactor water during Groups are separated by a perforated st ss-stee| ibsorbs rod impact throu 
cold shutdown so as to depress reactivit lisk coated with braze material. Eacl has a sorbers 

®An in-core instrumentation system (flux wir ircumferential groove into which the tubs imped : 

thermocouples) for monitoring power generatio when the pellets are loaded, fixing its tion intil Refueling 


flux-monitoring wires can be inserted remotely int the entire subassembly is brazed l ur When the reactor is shut 
a tube in 22 of the 76 fuel elements during operatior spaced so that each group of 25 pellet ' free the 1 tor water cools bel 

automatic readout is provided in the control 1 expansion space. Stainless-steel et! ‘ ure vill be injected into the syst 
(it takes 75 min to read flux along height of 1 fue elded onto the ends of each tubs After r to the control-r 
element, 110 min to read 8 elements and 3 hr to rea Fuel rods are held in 6 X 6 suba es b rods will remain fully dow 


all 22). brazed ferrules that maintain structur g sms sta inted 
° ° spacing between rods Nine of thes ’ their shield support is remo 
Vessel and Shielding , 
are strapped together to form a ym plete ele- ina eve water in Ul 
The reactor vessel, the largest singl mponent ment, of which there are 7 Two « t shape lra g. Then the operat 
in the main coolant system, is a vertica nder witl variations (38 with 304 rods, 38 with 305 rods) pro- electrical cables from the « 


hemispherical heads. For corrosion resistance, tl ide 32 cruciform slots in the core for t the il stacks off the mechanist 
carbon-steel vessel is clad inside with stainless st 24 control rods and eight shim rods trol-mechanism ling du 
The flanged top closure, from which the ntr I instrument thim! and 
drive mechanisms are supported, bolts to the flang Control and Shim Rods insulation from t vessel h 
cylinder. The reactor coolant enters and leaves tl help remove the 52 stud 1 


vessel through four pairs of nozzles s inifort Uhe 24 rea aad ontrol rods consist ted water-tight plugs in 48 stud 

abave the core. eee eee Saeee : a ; t ther 4 | th 
Between the fueled core and tl 8-in.-thick ' Vonne “ea Oe . VeSSt 14 in., fill the 1 

carbon-steel reactor vessel around the core ther ntrol rod is a it iloy-2 rod follower that also - 


1g-in.-thick core baffle, a 1-in.-thick re barr prevents exe spatiale oy pas Many os oe ten e the | st 
and a 3-in.-thick thermal shield of 304 stainles BGSFOS ¢ ee tools to 1 e tl 

A neutron shield tank around ar mack ORS CAs CPUCITOR . : : fs t t t 
tor vessel contains a 36-in. thickness « ter. Pi nes SOR 2 — ‘ sh t g 
shaped canned masonite shield EE GPS -SeeOeNCS (60. TESS Cruel t 
gap between the core vessel and s tank at t ee se rae ROWE Pore ' 
top of the vessel so as to attenuate neut! mn Mouonics UN ;' y t 
upward between the vessel and tank B nd tl ver wnt sel head . 

I tl ns ar hil tt 


shield tank there is a reactor or 
made of reinforced concrete that is - tt K up t Containment Shell 
the vessel flange height, 4'¢ ft ab 
“secondary” shield, which surrounds t nt I Each of the 24 contr 

tor system within the vapor contain: t thick tive-grip magneti 

up to the charging floor, 2 ft above rive components that rat t 


Core Structure 
The reactor core structure consist Ippel | plungers that actuate the gr 
lower core-support plate, an upper r cor enclosed in a pressur‘ ng sea 


support barrel, a core barrel and a tructur tor-vessel head 


oO 
© 


The 76 fuel elements are in a close-pach jual The electromagneti that BIBLIOGR, 
lattice; holes in both support plates help posit t plungers (and, in turn, the grip} t 

fuel assemblies and also act as coolant 
let nozzles for the fuel elements. Each support plat programmed so the stationar 
is a rigid assembly of two perforated plates joined |! rippers alternately engage the grooved { At Electr we, Man 





Yankee Reactor Operates 
On Schedule, Below Budget 


By refining pressurized-water reactor technology, the designers of Yankee 


have produced a system that zeros in on a practical utility power station. 


Construction and operating costs benefit from the straightforward approach 


By ROGER J. COE, GLENN A. REED and DONALD E. VANDENBURGH 


Vankes {tomu 


THe YANKEE REACTOR went critical 


last August, two months ahead of sched- 
ile Experience since then in taking 
the plant up to design power shows that 
y straightforward de- 


even in a relative 


problems can loom 


to put a 


sign mecl icul 
trying nuclear 
into routine operation. 
oblems, its good points 
brightly in the 
of nuclear power 
riticality about 

| of schedule. 
pital costs are work- 
) be substantially less than the 
$57-n that had been estimated 
efore construction began back in 1957 

see box at right 

®Nu ve been very few. 
®kxcept for e mechanical 


tne plant 


ear troubles | 
troubles 
operates 
present indications 


competitive nuclear power 

land somewhat sooner than 
ous! 

plant has a number of unique 

p. 53) that will help it to 

and routinely 

Also, since the turbo- 


rated output of 145 


merciauy 


robable capability 
is room to increase 
perating experience is ac- 
: together with improve- 
st and performance will 
136-Ma 1 1—15-mill/kwh 
kwh for capital + 3-5 
for fuel and operation) nu- 
st nearer the 9-mill/kwh 

ost now typical in New England. 
When the ten New England utilities 
Yankee decided back in 1954 


int they pi ked a pres- 


that own 
to Dulld this ] 


irized ite! typ reactor because 
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Klectric Company, Rowe, Massachusetts 


technologically this type was well es- 
tablished, but they resolved to empha- 
size the commercial aspects of its de- 
sign and operation. This experience 
would give valuable background to- 
ward building other nuclear plants in 
New England, where fossil-fired power 
is costly. Early operating experience 
and the 
where the plant stands today. 


construction history show 


Core Loading 


After construction work was com- 
plete and all the systems were checked 
out, on July 9, 1960 the U. 8S. Atomic 
nergy Commission issued an interim 
license for Yankee to load fuel, go criti- 
cal and conduct tests up to 5 Mw(th). 
Within the next week, the reactor ves- 
sel and primary loops were filled with 
water borated to 1,600 ppm (later 2,100 
ppm) and the first of four startup sources 


was installed onits source vane. (Four 
Po-Be sources serve for initial startup, 
then neutrons will activate four Sb-Be 
sources for subsequent startups; the 
sources are in stainless-steel tubes 
mounted on four vertical vanes located 
90 deg apart on the edge of the core). 
After the temporary nuclear instru- 
mentation was modified and a satis- 
factory base count established, the first 
of the 76 fuel elements were loaded into 
the core. Troubles with the fuel- 
handling equipment and nuclear in- 
strumentation had to be corrected. 
The temporary neutron detectors had 
to be moved with respect to the sources 
and fuel after the first few elements 
were loaded because they gave a falsely 
high reading for the multiplication 
factor. After the core was loaded with 
fuel on July 26, the source-range detec- 
tors were replaced with detectors of 





$57-million. 


Land (2,000 acres 
Structures 

Reactor plant equipment 
Turbine-generator 


$7-8-million must be added 
including reprocessing). 





Costs Lower Than Expected 


Accessory electrical and mechanical equipment 


It is too early to be definite about precise capital cost figures, but not too 
soon to feel certain that they will run well below the earlier estimates of up to 
The final figures for the plant, as a construction project, will run 
to $38-40-million, divided approximately as: 


$ 200,000 
8,700,000 
16,800,000 
8,900,000 
3,500,000 


$38,100,000 


To cover organization, taxes, insurance, operator training, interest, engineer- 
ing and administration, test operation, public relations, etc., a sum of about 
Also, the first core costs about $3.2-million (not 
Research and development costs have amounted to 
about $5.3-million, of which $5-million was allocated by the USAEC under its 
Power Demonstration Reactor Program. 











greater sensitivity so as to produce Then the reactor was operated for ppm boron as boric acid in the water 


satisfactory readings. Then the rest familiarization and further training for a shutd irgin of 5%.) Other 
of the core structure was installed and purposes. During this period some of — tests were run to learn hot scram rates 
the head was placed on the reactor ves- the coils for operating the control-rod system heating rates and response of 
seland bolted. To test the control-rod oarse position ere shorting out the neutron instrumentation when con 
drives, each rod was dropped at least Investig howed that faulty vent- — trol rods are positioned asymmetrically 
twice from the full-out position; all ing might | borated water leak During September and October low 
drop times measured less than the into th ils, which when it dried up ower test st of the bothersome 
calculated 2 sec from initiation of scran left boron crystals that grounded the troubles we vith hardware rather 
o,° ° IS This was rectified by drying and than being ol nuclear variety; about 
Criticality, Low Power ung th ils, and by improving 10°%, of the low-power-test period in- 
The reactor went critical at 8:19 g arrangement Beginning tved maint ince of mecha 
P.M.., August 19, 1960 after a smoot! September 4th, data were collected at quipment Although this mainte 
two-hour approach in accordance with low reactor temperatures so as to calcu nance work lost much of the schedul 
written procedures. Nuclear instru ite control-rod and boron reactivity lead, it was used to advantage in that 
mentation performed very satisfac- worths. Then temperature, pressure the person qualified to operate the 
torily. It had been calculated that ind flow coefficients of reactivity wer reactor increased from 5 to 12 during 


criticality would be reached on a measured at various temperatures and this time 


banked rod configuration with rods control-rod and boron worth were Mechanical problems. Most of the 
withdrawn 42 in. But the reactor determined at operating temperatures. mechanical troubles were of the sort 
went critical with less withdrawal, indi- With the reactor hot there is a 3°‘ encountered in starting a conventional 
cating a slightly more reactive core or shutdow: gin with the rods. But power station, but the addition of nu 
greater rod worth than expected. vitl it also takes 1,170 r desig to normal engineer 





Atomic Energy Act, which permits ownership of 
facilities by private companies. 


Yankee Atomic Electric Company 

March 30, 1955: Yankee submits initia! proposal under 
AEC’s Power Demonstration Reactor Program 

August 22, 1955: Yankee revises proposal for 134,000-kw p 
February 8, 1956: AEC accepts proposal for negotiatic 
June 6, 1956: Yankee signs first contract with AE( 


development subcontract to Westinghouse entails : deve 


plant safety, shielding, steady-state and kinetic performan 


control rods and latch-type magnetic-jack drives (tests 
loading, reliability, life), fuel-handling devices, critic 


plate cladding, assistance with startup experiments 
July 1, 1956: Yankee authorizes Westinghouse and Stone 
Webster to proceed on plant engineering and design 


house Electric Corp. (under effective date 6/6/56 
conduct the research and development program 

April 12, 1957: Yankee submits preliminary hazards report 
November 4, 1957: AEC issues construction permit 
December, 1957: Yankee arranges $57-million financing 











experiments and irradiation tests (including in-pile loops 
thermal and hydraulic design of the reactor system, develo; 


ment of Ag-In-Cd control rod with diffusion-bonded nicke 


August 30, 1954: President Eisenhower signs the amended 


Taal 


August 31, 1954: New England utilities agree to forn 


Power Demonstration Reactor Program. A  $5-million 


ment of better UO, pelletization methods, stainless-stee 
cladding-tube closures, ways to join fuel rods into bundles 
using brazed ferrules and straps, optimized core design, 
analyses of control-rod and chemical-poison effectiveness 


e 


planning and analyses of critical experiments, corrosion tests 
of reactor-system materials, development of water-chemistry 
techniques and of a _ water-soluble neutron absorber 
mechanical design of the fuel assembly, core support 


of 


| 


& 


July 9, 1956: Yankee applies to AEC for construction permit 
September 4, 1956: Land clearing and background radiatio: 
monitoring begin at site. Yankee contracts with Westin 


} 
§ 


Yankee Chronology—Conception to Criticality 


January 
with sm 


24, 1958 West ngnouse Ddegins Cr tical experiment 


all-scale model of Yankee reactor core 


March 17, 1958: Excavation starts at site 


April 11, 
June 20, 
Septemb 


1 ,000- 


internal 


reinforci 


1958: First concrete foundations placed 

1958: First steel erected at site for turbine ha 

er 26, 1958: One of the largest concrete placement 
yd* continuous pour made aucer-like base f 
structure for reacto Cr ete weighs 2,000 t 


ng steel 100 tons 


December 2, 1958: Chicago Bridge & Iron begins to erect 


125-ft-dia steel containment sphere 


April 24, 
equipme 
April 30, 
June 19, 
June 24, 
October 


1959; 160-ton aenerator stator. first piece of n 
nt, arrives at site 

5098, 90.t0n voter for turbine arrives at site 
1959: Successful 40-psig test of steel sphere 
1959: Yankee’s staff move to plant site 

31, 1959: First fuel elements arrive at site 


February  e 1960: 165-ton reacto vess¢ arrives at site 


although 


it was four months ite tne elevated-sphere 


arrangement had permitted other work to continue 


March 31 


, 1960: Hydrostatic test tT primary system start 


June 6, 1960: All fuel assemblies at site sembly of react 
system piping to reactor vessel completed 


June 9, 1960: Operators start to flush reactor system wit 


not wate 
When th 


ay and check equipment at perating conditior 


e system is shut down after flushing and leaktests 


eaks and other troubles are repairs 


July 1, 


systems 


1960: Construction is pract iily complete a 


have been checked out 


July 8, 1960: Yankee asks AEC for ope rating license 


July 9, 
Yankee 
July 16, 1 


1960: AEC issues interim license that pern 
to load fuel, go critical and test up to 5 Mwitl 


960: Yankee begins to load fuel elements into core 


tests begin. 


August 19, 1960: Reactor goes critical at 8:19 P.M As of 


this date 


August 14, 1960: With vessel! head bolted on, control-rod scran 
i 
} 


the reactor is two months ahead of schedule 
a — a nee Ja 
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ng requirements gave rise to some new 
proble For instance, to avoid gas- 
ket corro if the primary loops were 
to | lecontaminated at some future 
me, it was specified that copper gas- 
Kets iid not be used in closures in pri- 
mal st mponents Thus, hard 
gasket Zz ils thick, about 
ul } ft diameter) were 
the ! oolant pumps. 
ne rmed badly and 
ter tl stem was heated up 
After the flanges were 
lat, t] ition involved using 

ft per gaskets and relying on 
I nt ther il expansion to pro- 
t giit ng of the closure. 
s in the reactor 

ree of troubles. 

K StODp \ ilves hold 

2,000 ter with very low leak- 

ge has been 

n th pen-back 

‘ | | tallic gaskets on 

our steam gener- 

ther source of leak- 

Although it eventually possi- 

tent gaskets on the SOO-psi 
necessary to 

on the 2.000- 

Another leak ov 

t t venerators between 

4 tall ss steel internal 

t m steel base 

the the shell is 

I stainless-steel 

( ed to the 

g on the 

g ir from 

to 600° | istead of the 

\ ened 
tage 

is te 

g ducts and 

t ill 

| It re i 
gave som 

The Ti-0.3%Mn 

when they 

r shielded stor- 

the secondary 

s are used 

tion of flux 

the barrels 

Yank ting n the flux-wire 
t t y | od pot of neu- 
fl I t re so that control 
ito keep the flux 

it ente! each of the 19 fuel 
lrant of the core 
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has a vertical thimble through which 
the flux wire is inserted for irradiation 
The other three quadrants each have 
one fuel element with such a thimble. 
the 
streaming up through the annulus be- 


To reduce flux of neutrons 
tween the core vessel and the neutron- 
shield tank by a 20, 
| 2—22-in.-thick masonite in 


pie-shaped 


factor of about 
canned 
been placed 


pieces have 


over this gap. 


Power Tests 


On July 29, AEC issued to Yankee a 


provisional license for power operation 


up to 392 Mw(th) (110 Mwe net So 
after the low-power tests, Yankee 
started producing electricity on No- 
vember 10, 1960, and at 2:37 A.M. it 


first fed power into the New [england 
grid Plans were to spend 4 to 5 weeks 
bringing the reactor to the licensed 392 
Mw(th) in at each 


sti p 


four steps, while 


calibrating nuclear instruments 
and controls, determining power coeffi- 
cient, transients after loss of load, shield 
effectiveness, natural-circulation cool- 
ing, and reactivity variation caused by 


fission-product buildup and decay after 


changes in power. But turbine trou- 
bles interfered when the 1,800-rpm tur- 
bine reached steam rates where 70-90 
\lwe were being generated. Due to 


partial admission of steam to a lower 
quadrant of the turbine and to insuffi- 
clent space to allow the steam that had 
passed through the impuls¢ 


stage to 


distribute around the full 360 deg ol 


the rotor before entering the reaction 


blading, a large unbalanced pressure 
resulted across the rotor, lifting it 
and causing serious vibration So, on 
January 2, 1961, the plant was shut 
down while the two rings that support 


the first S stages of reaction blading 


removed and 


for the steam to flow 
Two weeks later the corre 


were siotted to. give 
space 
tions were 
complete and the plant was brought to 
its full 120 Mwe 


licensed power of 


gross, 110 net Yankee then began a 
500-hr run to gather data in accordance 
with license provisions. This run con 


tinued with only three minor interrup- 


tions and ended February Sth 


What's In Store 


Barring unforeseen difficulties, Yan- 
kee seems certain to be fully oper- 
ational before July 1, 1961—the date 


scheduled for commercial operation 


Since Yankee wants to operate the 


plant in a way to learn about routine 
commercial operation of nuclear power 
research and development 
programs as such will be held to a 
minimum. 


stations, 


One exception to this has 
entailed provisions for 12 thimbles for 
irradiating surveillance specimens of 
the pressure-vessel steel so as to learn 
of any ductility loss. Improvements 
Yankee hopes to make later include: 
(a) use of small ion chambers instead of 
wire for the in-core flux plots so as to 
get immediate readings, (b) operation 
with 2-5% boron in the water as shim. 
In any routine checks will be 
made of flux distribution, reactor cool- 
ant chemistry, buildup of radioactive 
contaminants in the loop, power and 


case, 


temperature coefficients of reactivity, 
shielding, plant and site radioactivity, 
vapor container leakage, control-rod 
scram circuits, boric acid safety injec- 
tion, pressurizer spray and solenoid re- 
lief valve, scram alarms, and reliability 
of instrumentation and power supplies. 


In Retrospect 


Although Yankee officials are pleased 
by the way the schedule and cost of the 
plant have worked out, several things 
might be done differently if a similar 
Al- 
though the use of an elevated contain- 


plant were being planned now. 


ment sphere permits inspection of all 
its welded seams and the simple instal- 
lation and replacement of equipment, 
spent-fuel handling is complicated by 
the various elevations at which fuel is 
handled as well as the way it is trans- 
the 
Plant layout also might be made more 


ferred down to storage canal. 
compact so as to shorten pipe lines. 
Still more use might be made of dual- 
purpose storage tanks and the primary 
auxiliary building might be combined 
with the waste-disposal facility (as an 
example of dual-purpose equipment, 
the 


cooling pump also serves for shutdown 


present low-pressure surge tank 


cooling). Controlled-leakage pumps 
would be cheaper and might be more 
efficient than the canned-motor main- 
coolant pumps. If the core vessel were 
about 1 ft wider a larger core could be 
installed for higher power. 

Yankee all- 


stainless-steel primary system because 


continues to favor an 


of water-chemistry complication in a 
Yankee also 


still prefers to use an oversize pressur- 


system with carbon steel. 


izer to accommodate surges, rather than 
transient-control devices with a smaller 
pressurizer. 
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AEC’s Pi 


On January 24 a capacity audience at AEC’s Ger- 
mantown, Md. auditorium listened to AEC’s Director 
of Reactor Development Frank Pittman (above) 
deliver a technical presentation on the SL-1] reactor 
accident that had occurred 21 days previously. 
Because of the great interest in the SL-1 accident 
NUCLEONICS here presents, in its entirety, Pittman’s 


A FORMAL BOARD OF INQUIRY has been remote military i 
convened and is in session to investigaté Dew Line. Six d 
the SL-1 incident. Determination of epts were consid 
the possible causes of the incident will vater system pri 


be receiving a great deal of attention National Laborat 
However, until the Board completes its development and 


investigation, firm conclusions ar basis of compact 
unwarranted. [For highlights of in- ability, technical 

terim report of the Board of Inquiry life and minimum 
see p. 64.—Ed.] Even though the ANL undertook 


like to give you a summary of the de- as the ALPR o1 

sign features of the SL-1, a resume of Reactor. Pioneer 
the information we have obtained t 
date, and discuss some of the things on the econventio 


eering Co pertor 


which might be the cause or hav plant, and Fegles ( 
contributed to the incident. used as the genera 


site work begal 


nt construction 


SL-1 Reactor History 
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cause has not been determined, I would velopment of the SL-1, then designated facilities consist of 





ttman Reports on 


The SL-] Accident 


speech at that meeting. Certain additional infor- 
mation, contained in the January 27 interim report 
of the official Board of Investigation, is given on 
p. 64. Broadly speaking, the interim report covers 
the same ground as the Pittman presentation. Thus 
what we present here is the latest information avail- 
able as of the time this section went to press. 


nstallations such as nance and operation and test 
ifferent reactor con- nents planned tor use 1n subst quent 
red, and the boiling- reactors of this ty 


yposed by Argonne 
ry was selected for 


construction on the 


1ess, simplicity, reli- 

feasibility, long core The SL-1 plant is located at the Na 
plant cost. tional Reactor Testing Station about 
the design and de ; mule north of Route 20 The site 


Argonne Low Power tor building il idjolning support 
Service and Engi- building wh ontains the control 
med the design work room and auxiliary equipment and 
nal portions of th miscellaneous service buildings (Fig. 1 
onstruction Co. was The majorit I the plant equipment is 
| contractor. iocated in a irl steel building 
1 in the fall of 1956 i816 ft in diameter with an over-all 
started in 1957, and height of 48 ft [See diagram, NU, Fel 


initial criticality was achieved in Aug- 61, p. 20 NU, Feb. ’59, p. 55] 
The SL-1 is a direct-cycle, natural- ust 1958 This building is made of steel plate 
recirculation, boiling-water reactor de- ANL performed the initial criticality most of which | thickness of 34 in 
signed for 3,000-kw gross thermal and startup tests and successfully com and the building has normal doors. It 
capacity to produce 200 kw(e) net of | pleted a 500-hr, full-power, plant-per- is not a pressure-type containment ves- 
electricity and 400 kw net electrical formance test in December 1958. In _ sel as would be used on reactors located 
equivalent energy in the form of spac: February 1959, Combustion Engineer- in populated area The building 
heat. Work on this plant started i: ing, Inc., took over the operation of the located on dummy piles to simulate the 
1955 in response to a request by the SI-1. Since startup the SL-1 has been — type of construction that would be used 
Department of Defense for a small ised to gain operating experience, de- in the arcti 
nuclear power plant. The require- velop plant performance character- The reactor fuel-storage well 
ment was based on the need to develop _ istics, obtain core-burnup data, train ind demineralizer are located in the 
such a plant for future application at militar I 1 in plant mainte- lower third of the building and are 


March, 1961 - NUCLEONICS 





tro 





= 
° ‘ os 





° uaa we OE: 

: aaamei 
So 
ae a 

FIG. 1. SL-1 REACTOR (cylindrical build- 


ing) and support facilities before accident 


shielded with gravel. <A recirculating, 
iir-cooled condenser is located in the 
upper third of the building. The mid- 
dle third of the building contains the 
turbine generator, feedwater equip- 
ment, switch gear and shielding blocks 
ited around the pressure-vessel 
head hese blocks are moved by an 
rhead crane to allow access to the 
sure el head and the control-rod 
Core. As shown in Fig. 2 the reac- 


tor core is located at the bottom of a 
pressure essel with 
n ab Phe 
ension rods and racks, and 
ns in the control-rod 
hanisms located the 

Che mechanisms are driven by 

tend through the shield- 

ng | ks to motors located on the out- 
ead of the 
ire which is 


the chimney sec- 


( ntrol rods are con- 


above 


vessel is a 
filled 
etal punchings and gravel to provide 

ng A top shield 


with 
cap rests on 
Che core structur Fig. 3) has pro- 
issemblies and 9 con- 
trol rods of which 5 are cruciform rods 
ind 4 are Tee-shaped rods. The pres- 

elements located in 
signated with R) and 


ruciform rods of the 


control rods are 


60-mil-thick cadmium, me- 
id with SO mils of alumi- 
1 over-all span ol 


‘ ! n effective length ol 


iLSSt mblies: ure 
The 


ck consisting ot a 


Fuel. Tl 10) 


tes each 
. - ite il 120 1 sth 
0-1 ral l tluminum alloy 

s of X-8001 alumi- 
meat is 25.8 in. 

gy and 3.5 it ile The water gaps 
The 


t viding of the 40 assembly core 


etween fuel plates are 310 mils. 


was highly enriched and contained 
14.7 kg U?*, 

Burnable poison. On the 16 fuel 
assemblies in the center of the core, a 
full-length burnable-poison strip was 
spot-welded to one side plate, and a 
half-length strip was added to the other 
side plate. The balance of the fuel ele- 
ments had full-length plates only on 
one side plate. The strips were alumi- 
num-nickel, containing B'®. The half- 
length strips were 21-mil thick, and the 
full-length strips, 26-mil thick. The 
core contained a total of 23 gm of B!’ as 
burnable poison, 

Reactivity. In the design of the first 
core the fuel was calculated to provide 
By The 
burnable poison was calculated to pro- 
11.2% 


would be 


about excess reactivity. 
reactivity of 
10% 


burned out in 449 yr at normal power 


vide negative 


Reactivity of about 
operation. The fission products were 
expected to provide additional negative 
reactivity of up to 2° over core life. 
The combined excess reactivity (or the 
reactivity held down by the rods) was 
calculated to be 3°% at beginning of 
life, rise to over 314 % in just under one 
year, then start downward for a calcu- 
lated life of over 3 yr at average power 
(see Fig. 5). 

At the time of the incident, the SL-1 
had been in operation for over 2 yr. 
The reactor had produced 931.5 Mwd 
of thermal energy which is approxi- 
mately 40°% of the design life of the 


core. 


The Accident 


On December 23, 1960, the reactor 
was shut down for routine maintenance, 
instrument calibration, installation of 


auxiliary system valves, minor plant 


modifications and installation of flux 
wires in the core. During the period 
December 27-30, 1960, the mainte- 
nance, calibration and modification 
work was performed. Work on the 
installation of the flux wires started 


after midnight on the morning of Janu- 
ary 3, 1961. 
ing the shielding block back from the 
reactor, raising the water level to the 


This work involved mov- 


top of the reactor vessel, removing all 
but one of the control-rod drive mecha- 
14 flux 
into selected water channels within the 
The flux 


sections ol 


nisms and inserting the wires 
fuel assemblies. wires were 
with cobalt- 
aluminum alloy, and were to be used 


aluminum, 


to measure power distributions within 


the core as part of some investigations 
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FIG. 2. SL-1 REACTOR. 1-top shield, 
2-concrete shield, 3-dry shield, 4-instrument 
well, 5-control rod, 6-core structure, 
7-gravel, 8-dry shield, 9-thermal shield, 
10-pressure vessel, 11-insulation, 12-air 
space, 13-support cylinder, 14-lead thermal 
shield and cooling coils, 15-feedwater 
spray ring, 16-separator return line, 17- 
purification purge line, 18-feedwater inlet, 
19-boron spray ring, 20-steam line, 21-con- 
trol-rod-drive motor, 22-control-rod drive, 
23-boral shield. 


FIG. 3. REACTOR CORE. Normal 40- 
element, 5-control-rod loading is desig- 
nated R; additional spaces A, permit up 
to 60 elements, 9 rods 


Additional control 
rod space, —--~-_ Pressure vessel 
: THF 

























Additional ie Se . 
Reference design 
element space fuel loading 

















te a mation that has been released covers : ° 
i the operations for recovery of the bodies 
ite moplet [see AEC press re 
+ e D-9, J 1a 12, 1961], I would 
f er t t peat it and go direct k : . 
P t ! to what } ind in most cases do . 
" See ] not vet} i it reactor ind plant 
| ig oe lr} tro oom log book contains 
j * sei! g ti the 4-12 shift whic] 
1 = | ped reactor water to co 
| ~--}- <a ! tal t ter tank until water-level : 
estat forrrrvem LS I rde1 nscale Indicates plus 4 
f a Z t t ng plugs thimbles, et 
: ti rods Presumably, after this 
i ical t ter returned to the oper 
Section B-B ; ting fl t] Re ¢ sae 
eee t of the control dr 
FIG. 4. CRUCIFORM RODS, five in all, ; ee a 
controlled the SL-1 reactor. Poison was ‘ ‘ k 
60 mils of cadmium clad with aluminum- t t the flu 
nickel-alloy sheets the pressu essel head and the cor 
tr S 1OZZiCS We! elt 
mtrol-rod exter 
on reactor stability. shaft th the racks were lelt col FIG. 5. REACTIVITY BALANCE among 
By 4 p.m. on January 3, 1961, tl ted to tl trol rods All of the burned-up fuel, boron-10 poison and fission 
installation of the flux wires was co ther nt including the shield products (top) was expected to lead to 
pleted. The three-man, 4—12 shift o1 ug | This allows ace enemies reactivity curve shown at bottom 
January 3, 1961, was directed to pu through t trol-rod noz ay ean Compare Fig. 8, p. 68 
the water down, reassemble the contr rtior t flu res Che step 
rods, install the plugs and replace the — reasse1 : n detail on p. 67, a1 During t itd tl 
shield blocks. The next shift was t brief tion of the shield plug : re rom itio 
connect the rod-drive motors in prep then inst t f the pinion support 4, 7 and 9; ri . 
ration for resuming operations the fo nd spring housing, connection of th left positio \ 
lowing morning. rack to t hanism, installation lu is being 
The incident occurred at 9:01 pa the ising ind = finall thie sit } testing a ne t . 
on January 3, 1961. Since the infor t t t eal assembly ( 
Board Sees Central-Rod Movement as Most Likely Cause 
“It appears now that the most were assisted manually in their tl ob, had done it least f 
likely immediate cause (of the SL-1 withdraw ind on scram at shut times earlier 1 had been ex 
accident) involved some movement lown, three rods had to be driven citly structed that “‘under 
of the central control rod.”’ This n by their motors conditions w he centra 
is the most significant statement i: As to possible causes, the report rod to be lifted e than 4 ir 
the Interim Report by the five says it’s “possible to conceive of In the ligt f the most recent 
man SL-1 Board of Investigatior several different items or combina- neasuremer r to shutdowt 
The report disclosed that the tion of items which may have Dec. 23, 19 the central 1 
control rods in SL-1 had a history constituted the immediate initi would have had to be raised at 
of sticking and difficult operatior iting event The accident could east 16 in. for criticality, and, it 
“From early operations onward have occurred with no errors on estimated, a further 6 
intermittent and increasing diff the part of the crew being com . te set produce an ex¢ 
culty was encountered in the free nitted, though certain errors on yn such as took place These 
movement of the control rods . the part of operators also can be actions and lit s are termed 
It was frequently found that one visualized as possible initiating credible’ but not probable 
or another of the rods would not event Among them: 1. Rais 2. Change he properties of the 
fall freely in a scram... Later ing the central control rod exces reactor may have ccurred be 
the rod-sticking problem, both on sively The job the men were tween Dec. 23 and Jan. 3 to reduce 
insertion and on withdrawal be assigned to do—reassembling the shutdown marg f reactivity , : 
came accentuated ... Over the control rod drives—involved lifting hat substant y ie withdrawa 
last two months of operation, ap- the control blade a maximum of of the central rod would have pro 
proximately 40 rod stickings were 4 in.; the chief operator and oper- juced criticality There is no 
recorded ... During the last pe itor ¢ duty (third was a trainee evidence at resent that any suct . = 
riod of reactor operation, the rod had been specifically trained for changes took place 
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it 2 and 6. There was a 
tainl { n number 8 and the 
the water-level and 


Post-Accident Evidence 


\ tog! | the reactor head 
Saturday, Jan. 7 


tert neident, shows thi 


Fig. ( 
° Tl et r of the pressure- 
l | is been forced 
metal punch- 
en forced out 
n the foreground. 
@ | { ) h had not been 
itddown, remains 
°T! truding from noz- 
mut Gin. further 
tt t ! normally be dur- 
I t! led end 
1 thy 
Ithoug! 
ether 
eA | hich 
osition 4, and 
a i i, FIG. 6. AFTER THE ACCIDENT control-rod-drive area shows effects of explosion (read 
: x ;, ' 1: details in text, left) while panel meters in background are undamaged. Pressure-vessel 
r Gale penetrations are in three rows of three. Penetrations in nearest row (between shield 
viongside this blocks) are numbered (from left to right) 2, 1 and 8; next row back is 3, 9, 7; last row 
either part of an- is 4, 5,6. See p. 30 for important new photograph of this area 
il | i 
®'] protrude from FIG. 7. FIRST POST-ACCIDENT PHOTOGRAPH was taken two days after accident 
i (and two days before the one above); ladder was knocked over in post-accident period. 
‘ For orientation, shield block at left is one at left of Fig. 6. For discussion see text, left 
- ) 


I ld a ount lor 
the shi ld 

photog: iph, 

it all of the 

the reactor 





From examination of the bodies 
has been postulated that their injuris 


are such that two men could have b 
carrying a bell housing (presumabl; 
the one that is on its side in Fig. 7) an 
the third was working on top of th 
reactor. 

In addition to the information show: 


on these photographs, other observa 


tions have been made relative to the 


effects of the incident: 


Two additional plugs were located in 


the ceiling over the reactor. From the 


position of these plugs, it is assumed 


that they came from positions | and 7 
Also, there is a hole in the fan floor o 
the reactor and it is assumed that 
and possibly two plugs penetrated tl! 
If this is the case, it would 
‘account for all of the plugs. 


fan floor. 


The physical damage is confined to 


the area directly above the reactor 
Tools lying on the shielding blocks a) 
to 
lightbulb directly above the reactor is 
broken. 


There is some indication of wate! 


pear be unmoved, and only tl 


markings on the ceiling and some of thy 
gravel adjacent to the reactor has a 
washed appearance. It was possibli 
for water in the reactor room to di 
back into the gravel shielding surrout 
ing the reactor. Also, it appears that 


water came out of the loading doors 


Radiation Levels 


As has been reported, the levels 
activity within the operating roon 
500-1,000 r/hr. These 
the area around the shield plugs, ar 


levels are 


some of the levels out at the building 
walls are 100 r/hr. 

The levels of activity around the sit 
on January 7, 1961, are as follows 
7 r/hr at the base of the building, 3.5 
r/hr at the foot of the stairs, 1.15 r/! 
in the control hr in the 
support building, 0.25 r/hr at the road 


room, 0.5 r 


into the site [for map of radiation levels 
see NU, Feb. ’61, p. 19]. 

The levels within the operating roon 
and around the site have remained 
near the same levels since the incid 
Early the morning after the incider 
aerial checks for airborne contan 
tion were made but no indication 
activity being dispersed from the s 
was found. 

The 


within the reactor building that have 


results from samples taken 
been analyzed are as follows: 
foils 


was 


from a Hurst 
located 


1. Bare gold 
dosimeter that 


66 


near the 


ntrance to the operating floor indicate 

1 neutron exposure of 1.2 10° ther 

itrons per em*, Cadmiun 

vered gold foils and sulfur pellets 

re also activated, but the resulting 
ata | ot been analyzed 


2. A brass sert 


rette lighter indicated a neutron expo 


w taken from a ciga- 


95 xX | 


0° thermal neutrons pe 


3. A rass Watchband buckle indi- 
ited eut I xposure of I.S 10 

Y } tr ~ ) I ai 

4, G i ndicated a neutror 

Osu 4] 10° thermal neutron 
5. A recent analysis of a stainlk 
steel gasket retrieved from the reactor 


room shows Co™ activity produced 


the Ni Co* reaction with thresl 
lat 4 M indicating a Tast-neu 
trol ( of 2.5 LO ist 
itr 
6. At samples taken fro 
t tl ct = has sl 
t] iraniu und strot 
im-91. Quantitat nalysis « 
nese s is a yttrium-9! 
t tv of 2.4 0? dpm n 
7. Se ithin the ar 
y I rsonnel that 
reactor ro ind all 
t ontrol room have 


8. A Hurst dosimeter, with 
l Let ei 4 than ) 
nserted by means 
rane | January 8, 1961 
ted 1 itron activit 
9. Iod ictivity surveys we! ul 
t th tr ont hich is 34 
O t SI ind at Aton Cit 
hi 5.3 south of the SI t 
U1 I ght Jat lar > ana mJ l 
od ents showed | 
trat t less than 10 u 
t Ate Cit On Januar 14-16 
t ratio ere: Control point 
f 10 rv Atom City 5.5 
0) LU On January 19-20: Co 
trol point ) 10 ui Ato 
(‘it 2 {) u ' 
10. At f vegetation on tl 
site ind t total airborne rele 
I to or the time up to nov 
J t+, 1960 idditional 3 
g the tlowing 24 hr, an 
) re l luring the next 6 da 
During tl iod, temperature inver 
S101 raged 17 hr per da 
Accident Analysis 
Fro t formation, we can on 


vostulate on the cause of the incident 
and why certain of the effects resulted. 
\lore information and analyses are 
necessary belore can hope to deter- 
mine the « is ind the reasons for all 
the effects. Factors that are now con- 
sidered pertinent are 

1. It is quite conclusive that there 


during th 


Was a neutron excursion 
incident, but whether it was the initi 
iting cause I dent or was m 
stituted by something else is not k n 
: is The S| ‘ tor Vis ipab , 
Ing riti th the mo it oO 
mly the ¢ I Further, tl 
st tiol trol-rod mecha 
1OCs Il hovell nt of the 
rod 
3. DD y untenance 
tion, th il i | 
b tu ting on the re stru 
It e that tl 
tion to t igh it 
) y st } 
rl ffect of removing 
top tl ( 
An s le 
4. Du y 
‘ 
t ~ mis 
Actio t ) t 
+ \ + 
t} { , 
’ t? 
+ + ti t the 
irnable 
\ tl ent ) 
tect t 
t ' ? 
hutd r nder t 
nt | ae | 
tak | that the 
t t I yt 
t t t iratel 
ee ae n 
t t th ( { 
, hot ’ P 
5. The s n operation 
{ that tl 
r dee} y 
ticular end Chet 
peaking unter of the re 
iue to | | I ud 
crease t ition of thi 
AY sl ist ympleted t ete! 
( hether t ods had lost su 
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Hooking Up Control Rods—Crucial Ingredient in SL-t Accident 


In the operation that was being 
performed control-rod drives were 
being connected at the time of the 
accident. All of each control-rod 
jrive except the extension shaft 
ind the rack, with the rack and 
head nozzle, had 

In Fig. Aone can 
rack protruding up through 


the flanged 
been removed 
see the 
the hole. held on the lower end 

ts connection to the control 


the upper head by the 


| operation in the re- 
sembly is to place the shield plug 
ver the rack and lower it into the 
rz\e Next, the pinion support 
housing are lowered 
ver the rack and bolted to the 
eld plug At this point the 
readed t yf the rack which is 
Ww his drawing in a raised 
lown inside the spring 
housing about 3 in 

A fting toc Fig. C) is at- 
ed he threaded end on the 
of the rack A crossbar is 
ted ! the rack and con- 
‘ fted 6 in. to the point 
1 C-clamp can be attached to 

1 the rod in a raised position. 
Note tl when the rod its dis- 
ected it rests in a _ position 


below the zero operating 
Therefore, the 6 in. of 
ovement rresponds to raising 
he rod < n. above the zero 
erating position 
After clamping the rack the tool 
removed and a washer and nut 
iced on the threading end of the 
ck This nut and washer acts 
1ainst the spring to hold the rod 


the z¢ operating position and 
it rt the force of scrams. 
The lifting tool is again attached 
i the rod lifted to free the 

( for removal 
TI eration is normally done 
two men One lifts and the 
her engages and disengages the 
( " A strong man by grip- 
1 the too! with one hand can 


ftit and engage the C~ lamp with 


e other hand The control rod is 

her wered to the spring. The 

gea with bearings and 

etainer ring, are then inserted and 

the completed assembly is as 
shown in Fig. B 

This is the point at which the 


bell housing is brought in and 
placed over the rack. Note that 
the studs protrude through the 
plug, but are not at this time 
bolted down. Thus at this stage 
pressure inside would raise the 
plug which in turn would carry 





FIG. A. ASSEMBLY STARTS with 
rack at top of control-rod extension 
shaft extending about 6 in. through 
flanged nozzle above pressure ves- 
sel. Top of rack, cut off here, is 
threaded 


NG. €. 


the rod and rack with it. Next, 
the bell housing is placed over the 
mechanism and bolted in place 


with the 8! in. Allen-head nuts. 
Then the pinion coupling, stud 
shaft is inserted and the sealed 
assembly is” bolted ‘into’ !place. 


FIG. B. ASSEMBLY ENDS, save for 
bell housing, when shield plug and 
pinion housing have been slipped 
over rack in turn, washer and nut 
threaded to top of rack 


TOOL FOR LIFTING CONTROL ROD MANUALLY threads onto 


screw at top of rack at right-hand end, has channel for lifting cross-bar at 


left-hand end 


; Gg 
eo, . Pt ae 
eee = F 
“~o 3 a. 

oO _s = 
iS 





j 





- 





FIG. D. CONTROL-ROD DRIVE ASSEMBLY is shown here on side. Rack 
is labeled 20; shield plug is 15; bell housing is 5 





Vol 


19, No. 3 - March, 1961 














cient worth to change the critical trol rod 
position. replacement 

6. Since only the center rod could 
take the core critical by itself, it will be 
extremely 
whether the 


center rod was being ‘bell housings” 
bolts connect both the “ bell in 


worked on at the time of the incident. the sami 
We hope to do this by finding all of the housings 


mechanism parts and the tools. In nozzle flanges. In the control drive plugs. 
What could create a pressure in this 


this regard, it is difficult toexplain why — assembly 

the end is broken off con- the nut 

trol rod and not off rod 7. Only the rack 
under acceleration or by © shield plug wi 
eccentric loading would one expect in normal 


failure at this point. 

Another important item is the condi- put in pla 
tion of the reactor with respect to inter- 
nal pressure during the time of the con- are bolte: 


’ and the shield plugs to the 


installation 


of the mechanism the a 


shield plugs are first inserted. These each. 


procedure (see p. 67), after 


| of the shield plugs are 
and the racks are con- 


nected before any of the bell housings The 
nte place The shi ld ould 


raise 


] 


replacement. During — the plugs are a relatively snug fit and have 


cross-section area of about 27 in. 


Since the control rods, exten- 


plugs are securely set in place. These sion shafts, rack and the plugs have a 
important to determine plugs are not bolted down until th combined weight of about 225 lb, it 


are put into place and means a pressure of less than 10 psig 
the steam space would suffice to 


all of the rods connected to the 


is put on the threaded end of | space when the reactor was shut down? 


any upward motion of the The core of the SL-1 has been in oper- 
llraise the rod. Further, ation over 2 yr, and gamma activity 
sequence of control-drive from the fission products would caus‘ 


disassociation of the water and genet 


ate 2 to 20 liters of hydrogen per hour 


evolved nvyvdrogen concelvably 


have created an explosive mix- 








Pre-Accident SL-1 Report Reveals Serious Boron Corrosion 


One of the major points in Di 
Pittman’s presentation was the 
problem of the corrosion (and 
erosion) of burnable-poison strips 
(boron-10 in aluminum-nickel al- 


‘Loss of the burnable boron 
poison from the SL-1 Core 1 by 


corrosion may lead to an unsafe 


operating condition,’’ begins the 


summary of CEND-1005, “‘Evalua 


replace the boron is required 
“It is recommended that poison 
in the form of 60-mil cadmium 


strips be placed in the T-rod slots 


} 


in order to return the rod bank to 





loy) that were included with the tion of the Loss of Boron in the the predicted level. No restric- 
original SL-1 fuel elements to SL-1 Core” by C. W. Luke and tions should be put on operating 


compensate for the excess reac- H. Cahn of Combustion Engineer- power because of the loss of 
tivity of the enriched uranium in ng Nuclear Division. ‘Results boron Thus concludes the sun 
the core; these permit a longer indicate approximately an 18 mary in CEND-1005 Six cad- 
core life—as the uranium burns loss of the boron from the core, mium strips were placed in two of 
out so does the boron. We which is equivalent to a 2 Ak/k the T-rod slots on Nov. 15, 1960; 
present here some of his slides gain in reactivity. The reactor this added 1 in negative reac- 
but elected to use the commentary has an adequate shutdown margin tivity. See Fig. B.] 

from a report on the subject dated f approximately 2% Ak/k at the Within the report are found 
September 30, 1960 present time. Remedial action to more details on measurements and 

T ‘ 


™» ae. 


B-A/ SIDE PLATE , 








FIG. A. WARPED CONDITION of burnable-poison side plates 
is evident in this photograph. Since plate is tacked (at three 
points) a cross width as well as along length surface is dimpled 
rather than corrugated as might appear from this view. 
Warping made fuel-element removal difficult; forced removal 
contributed to plate defects shown in Figs. C and D 


FIG. B. BORON CORROSION ATE UP 2% in 
shutdown margin as reflected in control-rod-bank 
position for criticality (solid curve). Loss of boron 
accounts for progressively more fully withdrawn rod 
position for criticality starting at about 300 Mwd, 
but suppressed zero on ordinates exaggerates the 
effect. Addition of cadmium strip on 11/15/60 
helped some 
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ture in the steam Very pre- 


space 
liminary results from our calculations 
indicate that the pressures that could 
have resulted from ignition of hydro- 
gen would not be high enough to cause 
the damage observed, such as the force- 
ful ejection of the plugs, the distortion 
of the head, or breaking the cap from 
the number 8 nozzle However, this 
pressure would raise the plugs with the 
ontrol rods and result in the insertion 

1 large amount of excess reactivity 
in a short time. 

Another possible explanation would 
be stean Even if the reactor 


lently taken 


pressure 


even & small 


plugs and start ejection of all the rods. 

We have considered the possibility 
of an aluminum-water reaction, but 
since the temperatures of the reactor 
were low, it seems highly improbable 
that such a reaction could have pro- 


duced the initial pressure. 


Effects of the Accident 


In closing I would like to note a few 


items relative to the effects of the 
incident: 

The yttrium-91 analysis of 2.5 & 104 
dp/m/ml corrected to the time of the 
incident indicates that 1.5 10! fis- 
involved in the incident. 


sions were 





ul t over critical, steam would be This corresponds to approximately 50 
vhich could act against the ©Mw-sec of nuclearenergy. [Asa point 
alculations “accomplished during side plates was found to be so 


the month of 


tnat 


1960”’ 
summary—in 


September, 
Support the 
the ‘“‘shutdown require- 
in case of a complete loss 


yf boror are calculated. The Results indicate that corrosion 

conclusit shouldtherebe or film burnup in the (fuel 
i total loss of boron at the present elements has not appreciably de- 
time, the reactor, cold with all creased from the last inspection. 
{ nserted However, severe corrosion of the 


would be super- 


by a value of 3.3%.’ boron side plates had taken place 
is recommended that this test 
be limited to a final examination at 
the end of core life. 

“Removal of all 
difficult. 
expansions of the 
plates appeared to have increased. 


in Ap- It 
nts of a Data 


gives 


CEND-1005 also 


pendix B, the conte 

Report test T-2 Visual Fuel 

Elemer Ir ect “The fuel 
emblies were visually inspected 

f corrosion, indication of fuel 

p é we ng and corrosion of the 


voron plate The test as origi- As each fuel element was re- 
ally conceived included the in- moved from the core, a cloud of 
spection of five fuel elements. reddish material, believed to be 
The te was terminated after iron oxide, and a light floc- 
hree elements were examined culent material formed about the 


of the boron 


the corrosion 





FIG. C. CONSIDERABLE CORRO- FIG. D. BORON-PLATE DEBRIS was 
SION is evident in this comparison vacuumed from bottom of pressure 
with fresh plate, top, with two side vessel after examination described 


plates dislodged in the course of 


fuel-element examination 


severe that further 
elements with the resultant dis- 
ruption of the boron can cause an 
unsafe condition in the reactor . . . 


elements.” 





above, 18% of boron was estimated 
lost as of Sept. 30 


removal of 


elements was 
The previously reported 
boron side 











Vol. 19, No. 3 - March, 1961 


of reference the Borax-1 excursion of 
1954 was 135 Mw-sec.] This would 
correspond to about 16 sec of operation 
at normal power level of 3 Mw. 

Based on the damage to the cover 
plate over the head, the assumption 
that the cap on nozzle 8 was blown off, 
and the fact that damage was confined 
to a localized area above the core, it 
appears that water was expelled rather 
than steam. It is quite probable that 
several of the rods are still out of the 
core, but all indications since the inci- 
dent indicate that the core is no longer 
critical. The mechanism of core shut- 
down is not yet known; possibly it was 
by expulsion of water. We are now in 
the process of installing instrumenta- 
tion to monitor the core in preparation 
for positively shutting down the core. 

A rough calculation based on SL-1 
operating history indicates that the 
core at the time of the incident con- 
tained about 1,000,000 curies of fis- 
sion products. The samples from the 
operating floor that have been analyzed 
contain uranium and fission products 
and are certainly from the core. How- 
ever, if the activity on the operating 
floor was assumed to be solely due to 
uniform contamination with core fission 
products, it would be much less than 
1% of the fission products that were in 
the core. However, we do not yet 
have detailed information on the con- 
centration of activity in the operating 
room. 

On one previous occasion, 11 in. of 
the core were exposed. At that time 
the activity levels on the operating 
floor were 100-200 mr and the activity 
directly over the core was 1,000 r. It 
may be that an exposed core is now the 
principal source of the activity and is 
the reason that no appreciable decay 
has been noted. 

Even though the SL-1 building is not 
a containment shell, it appears that 
practically all of the particulate fission 
products have been confined to the 
operating floor and to the immediate 
surrounding the plant 
The airborne activity level 


area power 
building. 
at the control point, 34 miles from the 
plant, on January 14-16, 1961, showed 
an iodine level of 4g the maximum per- 
missible concentration for a 168-hr 
week. On January 19-20, 1961, the 
levels were 149 of maximum tolerances. 
There is some indication that airborne 
activity is still being released since 
these levels have not been reducing 
more rapidly. 
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Digital Magnetic Recording 
Speeds Nuclear Experiments 


If you use magnetic tape to record nuclear events as they occur, 
analyze each tape 32 times at 10-100 times recording speed, 


you get 32 times as much information in about the same time 


By JOHN R. WATERS* and J. ROGER BIRD, Atomic Energ 


THE INCREASING COMPLEXITY of 
clear-physics experiments requires that 
used to record and handle 
the most refined that aré 


A magnetic-tape data-han- 


methods 
data be 
possible. 
dling system was developed at Harwell 
chiefly to fill the needs of neutron- 
physics groups:for many time-of-flight- 
analysis channels. It 
adaptable to many other types of 
experiments as well. 

Among many successes of the system 
are these: 
e recording time of flight of neutrons as 


has proved 


they are detected by a number of 
counters 
erecording gamma-ray spectra after 
neutron capture as a function of bot! 
neutron and gamma-ray energy 
@ recording the results of three-dimen- 
sional pulse-height analysis (two puls« 
heights). 

Our basic technique is to record 

* PRESENT 
Laboratory, 
N. J. 
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16-bit | I OI LCTOSS } J 
onetir h word carrying 
med 1 { describing one event 
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Pulses from 31 counters around scatterer go in parallel 
to writing heads; separate signals identify counters 


March, 1961 - NUCLEONICS 








‘ 
Ee ck eT Oe eee Cae . 
' j mi nies Vi 
li i 
-_ 
i 
| 
Harwell, England ni 
L yp 
flight it { 
I ( inter il 
lerator tect 
S nt 
te ) inte t 
I is sig 
it 1 
Na it! 4 
t ter tl 
()y i 
{ il 
I iter 
designed t 
Hayes ling 
Ing, new I 
Fr. H. We J. ¢ 
rus it! t 
The t 
hy 
icIsts there 
xperiments at the 
lifierent flight paths. ad at 
nt would need a 
analyzer ior 











ae 


FIG. 2. GENERAL-PURPOSE RECORDER at 
AERE has transistor circuits, slow tape deck 
and air-tight doors (removed) 
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FIG. 3. TWO WRITING SYSTEMS. Original one (A) wrote “1" as magnetized bit 


left “O" blank. Present one (B) writes “1” 


parallel tracks are written on the tape, 
the maximum pulse-packing density 
being 200 ppi (pulses per inch) on each 
track. Writing across the tape, rather 
than serially, keeps writing time as 
short as possible. Coding is done by 
analog-to-digital converters (digitizers). 
Since the information is, in general, 
arriving at random times, there are 
gaps between recorded words. At 
l-in/sec tape speed it would be possible 
to write up to 200 words/sec if the 
information arrived at regular intervals. 

The tape transports can handle 
| 4-in-diameter reels that hold 7,200 ft of 
thin-base instrumentation-grade mag- 
netic tape. This provides 24 hr of 
recording time at 1 in/sec vet takes but 
15 min for one pass on the analyzer. 

Figure 2 shows the recorder with 
dust-tight doors removed, The elec- 
tronics uses transistors and printed 
circuit boards. 

Since as many as six recorders may 
be used in conjunction with one 
analyzer and all recording heads must 
be carefully aligned, we have made 
provision for small adjustments of the 
heads for tilt and position across the 


tape. 
Writing Methods 


Writing circuits are provided to 
energize the heads when they are 
triggered by a pulse. Originally these 
circuits were designed to write a pulse 
on the tape fora “1” and leave it clean 
fora “0” (Fig. 3a). This method of 
writing Was found to be unsatisfactory, 
however, since imperfections in’ the 
tape introduce errors by causing 
“drop-outs,” signals missed on play- 
back because they are not of full 
amplitude. If such a drop-out occurs, 
a track that should be read as a “1” 


appears to have a “0.” This original 


as positive magnetization, “0” as negative 


method is unsuitable when accuracies 
greater than 1° are required. For 
greater accuracy drop-outs must be 
detected and the corresponding word 
rejected. Check digits could be used 
for this purpose, but these would use 
extra tracks on the tape: instead we 
changed our recording system so that a 
‘1” was represented by a positive 
pulse and a “0” by a negative one 
(Fig. 38) (3). The absence of a digit 
can then be detected by looking for a 
multiple coincidence among all re- 
corded tracks and rejecting any words 
that do not have 16-fold coincidence. 
The number of rejected words can be 
counted in a scaler to give a continuous 
check on the performance of the system. 

Our method of recording differs from 
the two most frequently used in com- 
puter work, return-to-zero (RZ) and 
non-return-to-zero (NRZ) (4). We 
did not feel that either of these methods 
was better than the one we used. 
Moreover our method has the great 
advantage that drop-outs can be easily 
detected and their frequency noted. 
Also our method has the advantage of 
simplicity when the recording is being 
done on a clean tape. (In computer 
work the tape usually contains old 
information so that one can not use the 
state of zero magnetization to convey 
information.) 


Recording Rate 


The tape recorder systems that have 
been described are limited to fairly 
low-counting-rate experiments by the 
long time required to write on the 
tape. At | in/see and a pulse-packing 
density of 200 ppi this is 5 msee. 
Thus if 1° counting losses are accepta- 
ble, a mean random rate of 2 cps 
can be accepted. This rate is rather 
small for many nuclear-physies experi- 
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Tape speed. The obvious way to If this can be done, input rate can be of the 1 as of the 9 
make recording fast is to run the tape matched to recording rate informat t By derandot 
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with 1-in. tape the difficulties of pre- nereased | a factor of 75 with 1 
venting tape from skewing as it runs uunting losses (4 At 15 in/see tl 
past the magnetic heads would limit random rate now acceptable is 2,250 
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500 ppi. onal At this rate the dead tir . ) 
vent il pulse-height digitize! ls 
~SO us egins to afiect counting e* e\* 
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Target number set by automat one still uneconomical. Her 
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I rder running continuous) Oy 
Coincidence } “Yes” or “no I ise an impulsed digital transport | 
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FIG. A. GAMMA PHOTONS FROM NEUTRON CAPTURE in platinum appear in 
three dimensions (neutron energy, photon energy, counting rate) by stacking 63 graphs 
of counting rate as function of neutron energy (10). Separations along photon- 
energy scale are 70 kev, and data should be smoothed from one graph to next. 
Model represents 16,384 data points. Step shows position of scale change by 
factor of five. Twenty neutron resonances appear as sudden increases of count- 
ing rate as one moves in direction of increasing neutron energy (47, 54, 68.5, 98 ev). 
Shapes of resonances in direction of increasing gamma energy vary because dif- 
ferent resonances occur in different isotopes. Thus 98-ev resonance in Pt'*® target 
falls away more rapidly than 68.5-ev resonance in Pt'®® target because binding 
energies of product nuclides are different 





FIG. B. PULSE-SHAPE SPECTRUM IN PLASTIC shows counting rate as function of 
two different pulse heights (8, 11). Axis across back (h) is pulse-shape coordinate, 
small for quick decay and large for long decay. Axis from back to front is total- 
light-in-pulse coordinate, proportional to particle energy. It is scaled in two sets 
of units: equivalent energy for Compton electrons scattered by photons (white on 
black) and equivalent energy for protons recoiling from neutrons (black on white). 
Two sections of model show responses to Co®’ gammas only (left) and Po-Be gammos 
and neutrons together. In both sections gamma pulses accumulate in Channel 9 
of h scale. Neutron pulses appear in two ridges that converge to Channel 54 of 
h scale for large ho. Other scintillators (for example, stilbene) show only one 
neutron ridge instead of two 


























Paper Tape, Punched Cards—How Do They Compare? 


Our methods are not the only ones that have been used for storage of experi- 
mental data. Information can be punched into paper tape and cards (12, 18 
They can also be stored in magnetic tape with systems quite different from ours. 

The main difficulty with punched paper tape and cards is that standard tape 
and card punches are rather siow and prone to the faults of such mechanical 
devices. Of the two, tape punching is faster, the standard speed being sixty 
5- to 8-digit characters/sec. This is about 1/10 the speed of our slower tape 
recorder. Faster tape punches of 300 characters/sec are currently available 
Paper tape can be read at 500 characters /sec so that paper-tape storage could 
feed into a small computer. 

Digital recording is just one way of using magnetic tape for the storage of data 
Halfhill (4) has discussed the various other possibilities—pulse-duration 
modulation (PDM), frequency modulation (FM) and direct analog recording 
In PDM, pulses of varying amplitude are converted to constant-amplitude 
pulses of varying width. PDM systems have an accuracy of ~1 for the 
complete data system, relatively independent of tape-speed variation. In FM 
systems accuracy is about the same as for PDM, but the system is not so 
suitable for pulse recording. 


Analog Recording 


Cavanagh and Boyce (13) showed that one can record pulses directly on tape 
in analog form, the recording current through the head being proportional to the 
input pulse voltage. The tape was replayed on the same tape transport but at a 
faster rate, the recorded pulses being fed into a multichannel pulse-height 
analyzer to obtain their spectrum. The advantages of this system are that data 
are in permanent form, the time scale can be changed by altering playback speed 
data can be analyzed in several different ways, and by recording two or more 
tracks on the tape, coincidence experiments can be performed 

Although this method appears simple at first sight, it is by no means easy to 
get accurate, consistent results because of distortion introduced in recording and 
playback. If a number of identical pulses are recorded on the tape, it is found 
on playback that there is a spread in the pulse heights. With great care this 
can be reduced to ~1.5% (14). This spreading is a direct consequence of the 
analog nature of the recording process and is caused by small changes in tape 
quality, tape speed and tape-to-magnetic-head contact pressure. Resolution 
is also very sensitive to the amount of high-frequency bias used on the recording 
head (13, 15); each reel of tape must be run through several times to find the 
bias that gives the best resolution 

In an attempt to overcome changes in playback speed affecting pulse ampli- 
tude, Burgwald and his colleagues use a magnetic-modulator playback head 
9, 16). Since the output of such a head is proportional to flux in the tape 
rather than rate of change of flux as with a conventional! head, the output should 
be less dependent on speed fluctuations. Various head configurations were 
tried, but so far the resolution is no better than that from a conventional velocity- 
sensitive playback head. 


Automatic Gain Compensation 


Baumgardner has used a specially designed deck to reduce speed fluctuations 
and proposes to record a constant amplitude clock track along with the data 
This track would be monitored on playback and used to adiust the gain of the 
amplifier for the data track. Such a procedure would tend to eliminate any 
fairly slow changes in tape quality, head contact pressure or tape speed 

The final limitation with analog recording is in the nature of the reel of 
magnetic tape. Since the manufacturers usually specify that gain fluctuations 
will be less than !5 db (6%) a reel, results as good as 1 2% can be obtained 
only by careful selection of reels. Any substantia! improvement awaits the 
development of better methods of tape manufacture to give greater uniformity 

For some experiments the accuracy obtained with analog recording is 
sufficient. For example, Rae and Firk (17) have investigated gamma-ray 
spectra following neutron capture with the equipment of Cavanagh and Boyce 
(13). Two tracks were recorded on !4-in. tape. One contained the pulse 
heights of the gamma-rays, the other a pulse whose size defined the energy of 
the neutron causing the interaction. Recording tape speed was 0.8-in. sec 
playback was at 15-in./sec. The users were able to repeat a previous experi- 
ment with greater statistical accuracy and resolution and derive the spin of the 
34-ev neutron resonance in Hg?"" from the shape of the gamma-ray spectrum 
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tional way by repeating a two-dimen- 


sional analysis many times with dif- 
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each time, the experimental time 
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i function of neutron energy (6) 


svstem me ior 


number of fission neutrons 


per neutron absorbed; Is 


emitted per fission In such analysis 


the tape recorder was used to record 
$095 channels of time-of-flight infor- 


mation with a channel width of '4 usec. 
The experimental arrangement of the 
recorder is shown in Fig. 4 (left 

The fission detector consisted of four 
liquid scintillation counters used with 
to 
reject 


pulse-shape discrimination (7, 8 


interactions and 
Incident 


was defined by neutron time of 


count neutron 


gamma-ray pulses neutron 
energy 
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flight. The tape was 
passes through the analyzer. Figure 
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Computer Analysis 


With large digital computers that 
have magnetic-tape input one could 
analyze directly with the computer. 
Since these machines are capable ol 


storing 36-bit words or longer ones, al 


the analysis could be done at one pass 
of the input tape. The output would 
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tillators detect fissions. 
neutrons and rejects gamma photons 


ing. 


34 40 42 44 46 48 





Pulse-shape discrimination (7, 8) counts 





Since the magnetic-tape analyzer 


is by far the most expensive part of the 


tape 
purchased on a large 


lot of time could be 


digital computer 


system, a 


for the cost of a special magnetic tape 


analyzer. 
be 
physics 


expense ol 


This approach appears to 
promising for 
laboratories 


small 
the 
analyzer can 


the most 


for which 


a special tape 


not be justified. 
* * * 

While this report was being written, J. R. 
Waters was a member of the Linear Acceler- 
ator Project of Rensselaer Polytechnic Insti- 

ite, Troy, N. Y., and he would like to thank 
the personnel of that project for their encour- 
agement and assistance. The Linear Acceler- 
ator Project operates under a contract from the 
U.S. AEC 
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No. 41—Isotope Calculations 


Parent Activity from Daughter Growth 


By YIZHAK MARCUS, Israel Atomic Ener 


MEASURING ACTIVITY and time of 
separation of a radionuclide with a long 
half-life is difficult; to do it accurately 
often takes many years of experimental 
observations. When a short-half-life 
daughter is available, however, we can 
measure the growth of the daughter 
nuclide and then use a 
method to determine the two unknowns 

In this method we plot the measured 
activity of the radioactive daughter 
as a function of time on one graph. 
These points are then compared with a 
calculated curve until the best possible 
fit is found (Fig. 1). The location 
of the new origin on the experimental! 
curve determines both equilibrium 
activity and time of separation. 

This curve-fitting method has two 
main advantages over other ways of 
finding equilibrium activity. First, 
it yields a more accurate value of 
the daughter equilibrium activity Az 
from data extending over little more 


curve-fitting 


than one half-life of the daughter 
product. Second, it determines three 
parameters simultaneously (1). TI 

third parameter is an approximate 
value for the half-life of the growing 
daughter, which one can find from a 
family of curves like that in Fig. 2, 


plotted with half-life as a parameter 
The curve on which the experimenta 
points fit best yields the half-life. 
Theory. 
parent is negligible, the daughter ac- 
tivity A(t) at time ¢ after separation is 


Since decay of a long-lift 


A(t) = Aw(l —e 


Aw is the activity of the sample at 
secular equilibrium and 71, is th 
half-life of the daughter. Dividing 
by Aw and taking the logarithm 


gets 
A(t) 
log = = log A(t) — log Az 
= log (1 — e®-82734) (2 


if 


From this equation one can see tl 
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on a graph of log A as a function of 
time a change in the constant As» will 
only shift the axes vertically similarly 
1 change in the time scale from an 


arbitrary zero to a zero at the time of 
separation shifts the axes horizontally 


Curve-fitting method. We now ap- 
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FIG. 1. CURVE FITTING gives activity and 
time of separation of parent with long 
half-life from measured growth of daughter 
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FIG. 2. PLOT OF Bi growing 
gives A. of 500 10 cpm and 
1.7 days when fitted to calculated curve 
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POSTIRRADIATION comparison of elements from first AECL loop test. 
fluoride (340-560 ppm F-) element, at left, and low-fluoride (<6 ppm F-), above, were 
irradiated for 16 hr under identical conditions 





Tied to Fluorides 


In-pile tests of Zircaloy-clad UO: indicate that 





high fluoride content caused Dresden prototype fuel 


to fail in VBWR. 


Thus, AECL confidence is unshaken 





By M. J. F. NOTLEY and J. A. L. ROBERTSON 


Atomic Energy of Canada Ltd., Chalk River, Ontario, Canada 


IN 1959, DEFECTED ZIRCALOY-SHEATHED 
UO, fuel elements failed with extensive 
cracking after very short irradiations 
in the GE Vallecitos Boiling Water 
Reactor (J, 2). On the other hand, 
this fuel type has performed well in the 
Shippingport reactor (3), and extensive 
tests by AECL and the Bettis labora- 
tory of Westinghouse have established 
the satisfactory behavior of their pres- 
ent fuel-element designs. In spite of 
the good results obtained by AECL and 
Bettis, misinterpretation of the VBWR 
failures has obscured the status of Zir- 
sheathing. Now, 
tests just completed at AECL show 
that the failures can be attributed to an 


caloy irradiation 


accidental high fluoride content in the 
UO. used in the Vallecitos elements. 
Zircaloy Experience 


All laboratories have agreed on the 
excellent performance of nondefected 





Zircaloy-sheathed elements. But to 
test performance even more rigorously, 
elements are frequently purposely 
defected. (A defected element has a 
hole through the sheath which gives the 
coolant access to the fuel.) Even when 
defected elements are irradiated (3, 4), 
the hydriding rate of Zircaloy during 
corrosion is within acceptable limits. 
One defected 
visible change after a 300-day irradia- 


specimen showed no 
tion, and none exhibited severe damage 
such as sheath cracking. The worst 
failure was an enlargement of the defect 
from 0.005 in 
after a 31-day irradiation at the high 
surface heat flux of 500,000 Btu, ft?/hr; 
i.e., Where the temperature of the sheath 


to ~14-in. diameter 


inner surface was as high as 375° C. 
In contrast, the failures observed by 

the General Electric group at Vallecitos 

(1, 2) occurred after irradiations as 


short as 36 hr at comparatively low 












surface heat fluxes. The failures wer idjacent positions ‘in a pressuriz ed 


much more severe than those seen TABLE 1—Elements and Irradiation water (X-2) loop of NRX, on either 








elsewhere. Extensive hydriding of the side of the center line of the neutron 
Zircaloy sheaths was associated with Dimensions flux. In each test, the high-fluoride 
multiple longitudinal cracking over ©2 diameter (in 7 element was uppermost (i.e., down- 
half the elements’ 27-in. length, wit] aati si pt stream) so that the low-—fluoride 
individual cracks up to 4 in. long ssa cook il ee oe element would not be grossly con- 
Because of the unique behavior tat ede oa ‘“ 0 sted taminated rhe histories of the two 
these elements, it was suspected that 2nd test 0.008 loop tests are shown in Fig. 3, where 
they were not representative, an Fuel length (ir 12 the activity release into the loop and 
that failure could be attributed tosome Sheath thickness (in 0.025 the reactor power level are plotted 
extraneous property of this particular UO rhe greatest experimental difficulty 
batch. Several possible explanations Density (gm/c1 10.45 05 n this test was to establish methods 
were examined by the General Elec- Enrichment (wt in for incorporating such large amounts of 
tric Atomic Power Equipment Dept tota LY fluoride in the UO Additions of 
groups at San Jose, Calif. (henceforth tl hiomet fluoride, either by adding HF (up to 
called GE) and by AECL groups at High fluoride UO 50,000 ppm I emsived UO.I. an 
Chalk River: differences in fuel dian maw Saneie : ue to | 10.000 m F) to uranyl nitrate 
eter, surface heat flux, fuel/sheath out ratings (estimated solutions, or by dry-l nd : . [ F 1 
? ; Heat output per unit length ere ae ee —— 
clearances and coolant conditions wer aa eon to 25,000 m F) with ceramic-grad 
all considered but thought to be unim- 9 15 UO, resulted in dense sintered pellets 
portant. In their most recent report Surface |} t flux heath /coolant ntaining ich less than 60 ppm | 
of the failures, however, Naymark et v/e ay n all cases (¢ Phe decontaminat 
of GE (2) mention that these specimens 10° Btu /ft?/hi 310 factor | tering (1 hr at 1,650° ( 
contained UO, with a high fluoride ‘Sheath inner-surface (°( 20) iried bet 2 « 10° for UF, addi 
content. Subsequent information fro: Coolant (water tions and 25 for UO. prepared frot 
GE, San Jose, revealed that samples of lemperat ‘ 250 iranvl nitrat taining UO.! Or 
sintered UO. from the batch used i Pressure (p 1,400 idding CaF. and modifving th 
their failed specimens contained S00 H (maintained by LiOH ot sintering ght e Fig 2 
ppm fluoride and >1,000 ppm calciu Ace: . rey aon ' Si ; is it pe to incorporate sufficient 
introduced accidentally as CaF. in tl ‘a lig fluorid the tered pellet 
UO. fabrication (5). In view of t Test results. | ir r t 
markedly deleterious effect that I Hinges bast GI 
small amounts of fluoride have on t! —- rrosion of pickled Zircale ret l ver i 
aqueous corrosion of Zirealoy e.g that | hadequately rinse The first test liscontinued 22 hr 
this ay red to us to be tl ; nase 
t! failures . 
| Chalk River Irradiations 
| l hypothesis, pal +} | 
with lefecte ns were irradiated at ent 





| L ce 4 ( halt at pressurized—wate! . . . ; 


UO2 
| Grind 100 mesh | lent t that tl UO. i meeelye 
- J ynt 540-560 ppm by weight . | P 


z Prepress (20,000 p } fuori troduced as CaF>s, that ‘ 
a . J } t thet t ng <6 ppm r) 


— high 
Granulate (-20 mest mtent | rapid ith exter 
a -4 i i eiesiees iWin. 1%. douline’ TABLE 2.-UO. Analysis (ppm, wt 


[= = Cy Beis whereas ¥ - 

Blend with O.2'wt % Sterotex . = ' H / 
| — J ’ ting Bett ind AECL exper ( > m0) 
Press (40,000 ps | oe (hus the GE results are attri 10-56 


y 














er in cracked <a Experimental details. Tabk ( 
as mM ideal ] + | x : r 
oath } ou t A flowsheet (Fig. 2)! 

P t labl ition ¢ tl 
CO t { ept mr the mopurit : 
FIG. 2. UO» PELLET fabrication flowsheet a > e “ae 2 
At left are conventional fabrication steps; at - e@ pairs me 
right are modifications necessary to incor- e identica : 

porate fluorine in fuel The = — 
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Release of Activity in The Loop & Reactor Power Level 





























FIG. 3. ACTIVITY RELEASE in loop and NRX power level during irradiation of two fuel-element pairs 
trate a degree of hydriding not — though the rigorous deduction is that The authors appreciate the assistance of the 
. . : following: W. T. Bourns for preparation of 
hitherto observed in Zircalov sheaths — either the calcium or the fluoride have jy, U0, senda, @. 5. Gabdwrend 8. Barece 
test ("| River this effect, it is probable that the latter for sintering trials and manufacture of the 
I test was a repeat of the is more Important. Since the failed pellets, E. Mizzan and M. B. Watson for ele- 
. ge ant ment assembly, J. Christie and Reactor Loops 
pt that the fuel sheath spe cimens were similar to GE 5 ele- Branch under the direction of R. F. S. Robert- 
tra earance was higher (0.008 ments with respect to fluoride content son for conducting the irradiation, G. M. Alli- 
th 0.004 in Those seal availa reproduced the nature of son for monitoring the loop, R. D. MacDonald 
2 < A for postirradiation examination of the ele- 
ved after 15 hr to the damage, we attribute the VBWR ments, and R. W. Ashley and G. Parry for 
S op contamination, failures to the use of impure materials. sheath analysis and examination. 
thi tivity in t oop having started The difficulties experienced in incor- 
y ntly after 10 hr (Fig. 3 porating the fluoride make it well-nigh 
nt appeared very simi- impossible that this error could be re- BIBLIOGRAPHY 
tot bY Is one though crac king peated tu cidentally in fuel production, 1. D. H. Imhoff, et al. Experimental programs 
| The ll aa in the Vallecitos Boiling Water Reactor, ANS 
inced Phe possibility similar failure to meeting, Gatlinburg, June, 1959 
Gq | ° those at VBWR can therefore be elimi- ?, S. Naymark, et al. Fuel cladding for boiling 
onciusion . ee ; 5 al : water reactors, GEAP-31483 (1960) 
nated \ ith a clearet understanding B. Lustman, et al Zircaloy cladding performs 
| test v conclusively that of the VBWR failures, the many fuel well in PWR, nucLeonics 19, No. 1, 58 (1961) 
j. A. J. Mooradian, J, A. L. Robertson. CANDU 
the CO can cause elements that have ope rated satis- fueling costs, NUCLEONICS 18, No. 10, 60 (1960) 
} iT he Zirealoy factonily ¢: w be judged on their 5. C. N. Spalaris, GE, private communication 
t Aireal ctor in 20 e judg lo , 6. W r. Bourns Preparation of UO: pellets 
ted clements \l- own merits containing fluoride, CEI-118 (1960 
; , ; 
At NUCLEONICS' Invitation Comments by S. Naymark, GE-APED, San Jose 
ly } ntentionally ruptured prototype fuel ele- are necessary to determine the effect of operating time on 
f were placed in the VBWR as part of an experimental Zircaloy-clad fuel with up to 15 ppm fluoride. 
gram to study (a) the effect of a fuel rupture on the re- The early experimental VBWR fuel elements, although 
tem, (b) the conditions which might lead to rapid similar to the Dresden fuel in diameter and geometry, did 
the failure, and (c) leak-detection systems. not feature the same degree of material and fabrication 
A prelin ary ternal report was reported early in 1960 quality In addition, the UO, powder in the Dresden pel- 
W f it high fluoride content might have been lets contained only 15-75 ppm fluoride, well below the 
he tributing factors to propagating failures 200-ppm_ specification. The manufacturing problem ex- 
5 € ilysis of the early experimental elements perienced with the first Dresden elements—small cracks in 
‘ eve ed extensive clad failures showed that they the Zircaloy cladding in 3% of the fuel rods |NU, January, 
( iined UO. powder with an original fluoride content of 1960, p. 18|--was unrelated to the VBWR hydriding failures 
100-1.000 ppn As a result, a specific test program was and was resolved through improved fabrication and inspec- 
begun to determine the effect of fluoride on Zircaloy clad- tion procedures, before initial criticality in October, 1959. 
ling. Later scussions were held with the Chalk River It is important to recognize that many factors enter into 
expe enters w were acquainted with our test program the choice of fuel cladding for a particular reactor. As an 


with theirs 


Every effort is being made by GE and others to deter- 


ioride was the primary or one of the con- 
f The 


ributory reasons for cladding-failure 
short 


propagation 


experiments, although conducted for 


periods of time (15 and 22 hr), form a valuable part of this 
analysis Further tests (now underway at GE-APED), for 
1 much longer irradiation time than reported by AECL, 
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example, data from Shippingport and others indicated in- 
creased severity of Zircaloy hydriding in defects at higher 
Other factors considered are the clad effects 
on fuel economics, clad reliability throughout fuel life and 
clad operating temperatures. Based on the results of our 
continuing development programs, we will select the most 
reliable and economic material for the conditions of temper- 
ature and heat flux to which it will be subjected. 


heat fluxes. 
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ae Radiat Levels in EBWR 
By VINCENT C. HALL, Jr. and ROBERT H. LEYSE, Argonne National Laboratory, Lemont, I 
ONLY MINOR CONTAMINATION Of pri- evels r pieces t 
mary-system components external to up tor r t 
the reactor vessel has resulted from ctivities, attributed primarily to N t te I 
4 years (8,850 Mwd) of operation of ut rious | t I els al t E BWR g N t 
EBWR, the direct-cycle, natural-circu- given in Tal l 0.02 t Na 
lation Experimental Boiling Water . tor water enter st lw 
Reactor (1-3). This contamination Long-Lived Activity l to the ext te I 
does not significantly interfere with After the reactor is shut down, a t ( t it 
maintenance operations. The only essibility t nt equipment is deter e Na 
serious problem associated with con- mined | nger-lived iclid ( t-58 
tamination from long-lived radionu- that result fr neutron activation y 
clides has been caused by a concentra- ros products. The radionuclid 
tion of corrosion products at thé ontent of reactor water varies with r N 
bottom of the reactor vessel. A radio t t tvpl radi oli 
active scale deposited on the fu vs Na \I t 
elements may be a source of difficulty Co and ( see Table 2 Thes the t tu t t 
in the long run. re itrol tivation of that t t , 
\ x r ( WrOSLO! 
. ia. products | 
Short-Lived Activity | s | 
rtion of the aluminum Phi tivit ; . 
Short-lived radionuclides determine rros from tl ter t t t 
accessibility of plant equipment during Imm} Sst out tl t ) 
operation. Nitrogen-16, with a 7.4-s g1 ite surrounding thi 5 
half-life, accounts for >90° of the ac- regio ost of t kel comes fi t 
tivity measured during operation; for- ft plating 
tunately only 0.1% of the N'® formed the 1 { nes, turbine dia- g 
enters the steam to be carried out of the hragms i tur e-exhaust casing 
reactor vessel, and 99.9°% remains in 17 fron rrosio} , 
te Fuel-Surface Deposits 
the reactor water (see article on oppo- c r ' toy ” 
site page). iry-systel ng 
During reactor operation, activit \ fract t t 
TABLE 1—Radiation Levels (Primarily N TABLE 2—Activities in EBWR Water 
ii 
R [ } 
Location 1 
Air ejector after cooler 90) 100 $000 7.000 \I 
Condenser hot well i 240 580 N ( » | 
Steam drier 8 600 720 ( ( { 
Turbine-exhaust casing 0 O 
Feed-water filters S ‘ ‘J UU 
t) i t) = 


Plant air exhaust 


* Measurements made 2 in, fr 
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Radioactivity Buildup 


9 N° Concentration in EBWR 


Argonne, Illinois 


By ROBERT L. MITTL* and MICHEL H. THEYS,+ Argonne National Laboratory, 





shown 


been no need ymponents 


to Ope rate 


Usual methods of chemical analysis 


o t tion of a boiling- remotely. cannot be used with N!° because of the 
{ { N?* is by far the The origin and half-life of N'° bear — short half-life. Information about the 
ctivity in the on the second question concerning haz- proportions of anion, cation and neu- 
t t SO ards potential. With shutdown of the — tral N?® species was obtained by pass- 
t tl ha reactor upon a steam-system rupture, ing samples through ion-exchange beds 
t tl iter N?!® production would immediately and then counting their activities. 
cease and, because of the short half- To determine relative amounts of 
t ist- life, the N'® would decay away rapidly. anion and cation species of N*', three 
)-18 t '8(n Experiments in EBWR indicate that beds (anion, cation and inactive) were 
olant the fraction of N'® that enters the employed. The inactive bed removed 
irs steam depends on the proportion of | no N'¢ and thus indicated the activity 
n- volatile N'® radicals formed relative to decrease by decay. Comparison of 
S t ire nonvolatile radicals. The addition of this count with the anion-bed and 
s, 73 | excess hydrogen to the coolant system cation-bed counts then determined the 
7.12M apparently increases formation of vola- fraction of anion or cation species origi- 
t u tile radicals and hence the N'® con- nally present. 
itv t centration in the steam There ap- 
t ntain pe ars to be no convenient wavy to bring Experimental Results 
tent haz- about the reverse—decrease the N \ series of experiments to determine 
se in steam below normal le N?'® concentration and chemical form in 
. These experiments provide impo! steam and water were performed at 
lest tant information for predicting N EBWR while operating over a range 
BWR tha radiation levels and the shielding — of pressures and power levels and with 
This needed for higher-power operation of | known chemical additives. 
ration EBWR and other boiling reactors Chemical form of N'*. Since N"* 
Hh appears as a recoil atom with varving 
t re s Experimental Method degrees of ionization and since the re- 
thin actor coolant water is of high purity 
y ! The N concentration at different conductivity of 2 umhos), most of the 
iw rhe ocations in the reactor vessel was ob- N16 ean be expected to combine with 
7 I tained by continuously sar ing the oxygen and hydrogen atoms. Possible 
‘ vater and steam and m ing ti Continued on page 83 
ite y-ray activities, 
\lt oly t A scintillation counter detected thi = 
' igh-energy y-ravs, and a discriminato! rd 
r { identified the N activit by) ntin @ 80 
only pulses corresponding to energies = 
t; >4.5 Mer Both decay irve and = © 
spectrum of the radiation identified the = 40 
activity as N Ss 
R lo determine the cor ration of 5 20 
N per gram otf coolant I given & 
wint in the reactor vessel, the unter 0 0 20 0 rr 
vas calibrated with a standard cobalt- 
C ; Reactor Power (Mw) 
\ arene Ci 60 solution (with adjustment y-ray 
orp, energies), Counting-rate corrections iG, 1, NEUTRAL-CATION distribution of 
; vere made for NY di th N!° in reactor steam 92 in. above fuel under 
neondensable gas im tl normal operation 
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Radiation Levels in EBWR 






Free of deposit nel 
Second-generot non 


deposit 





Deposit on surfoce 


Edge of picture 
frame 





CORROSION-PRODUCT deposits on lower 
half of EBWR fuel plate after 2!» yr in 
reactor. White area in lower part of 
photograph is deposit scale; scale flaked 
off darker area. Dark area shows 
evidence of second-generation deposit. 
Outline of cladding frame is evident 


the source of the long-lived radiot 
clides, have created another more s 
ous problem. 

As the corrosion products pass uj 
through the reactor core they ar 
posited on the surfaces of the fuel plates 
(see the photograph) ; the depositior 
roughly proportional to the reactor flu 
The deposit continues to accumulat 
until finally it tends to flake off th 
The flaking off is thought t 
result either from a differential expat 


surfaces. 


sion between the scale and the fuel sur- 
face or trom a fuel-plate temperat 
increase with increasing scale thickn 
sufficient to cause a chemical transfor 
mation of the scale. 

The thickness of scale samples 
tained from the fuel surfaces as well as 
from the bottom of the reactor vess 
0.003 to 0.007 
However, any one sample has beet 
thickness. 
is shown in Table 4 


has varied from 


uniform Compositio! 
the scale 

It is assumed that 
the heat-transfer characteristics of t 


scaling impal 


fuel plate, and as a result the surf 
temperature of the fuel plate has u 
doubtedly increased. However, an 
allurgical examination of fuel after 0.37 
at% burnup has not revealed deter 
ration of the fuel plates. 

It is known 


range effect of 


the neg 


the corrosion-produ 


not what 
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deposition be on the performan 





at £8 issemblies. Eliminating TABLE 3--Activities after Reactor 
the sources of the corrosion products Shutdown * 
that make up the scale deposit would 
certainly 1 step in the right direc- a - % 
tion. The aluminum from the dummy pueseeis es 
issemblies and the nickel from the Steam drie1 4) 
nicke kel-phosphide plating in the — gteam turbine 
steam svstem constitute 93°, of the Steam chest 9.0 
observed deposit Thus, if these mate- Blades 0.2 
rials had not been present the scale Condense! 

uuld have a thickness of only 0.0003 lop of tube bank 0.2 

T tor of 10 less than what Hot wi -.0 

presently observed 

When the seale flakes off the fuel * Reactor had operated 1 ie M 
plates, it settles into the stagnant areas ee ee eer 
it the bottom of the reactor vessel. lh 


EBWR, thes 


ontrol-rod-drive 


stagnant areas are the 





thimbles, which pro- 





trude b vy the shielding into the sul TABLE 4~—-Composition of Fuel-Plate 
reactor I Deposit 
During the first ul operatiol 
the background activity in the subrea 0 
tor! is™10mr hi As a result 
of the settling of the activated corrosio \LO;-HLO On. 
‘ 
products, this activity has increased t icing ' 
100 mr/1] rhe activity at the surfa — 
SiC) r 
the thimbles, which require occa 
nal maintenance, has been as hig 
s 90 } 
As sult of this increase in activit 
the subreactor room, the | BWR con- BIBLIOGRAPHY 
es Nave been redesigne " 
lhe original design did not have pro- ) i 
: fl g these stagnant areas 
g ides blowdown wit at 
{ BW 
9 t all surfaces so as t ; 
lus rodaucts ut t 
t 
Vallecitos Experience Agrees 
In line with the EBWR findings, Genera! Electr Vallecitos Laboraté 
also reports that the radioactivity deposited tn their bo }-water-reat r wate 
ind steam systems has been lower thar riginally anticipated 
After 8,000 hr of operation, the turbine-surface ation gave 
rates of 1-3 mr/hr at the surface. Although the react erated for extende 
periods with defected fuel in the core, activated corr roducts were the 
predominant radioisotopes in the surface deposit hott tne turbine and 
the water and steam systems 
At the present time, after two years of reactor operation, over half of the 
surface radioactivity is attributed to Ce at times is 2 days afte 
reactor snutadown Other long- ived 1dioisotopes ese were ZI ( 
Cr and Mr Contamination levels in the stean were 0.1-0.01 
those in the water system and apparently increased with time at ar nex 
pectediy siow rate 
This T mation is based ona paper presented Dy D. W. Danielsor T. F 
Evans and G. G. Gaul of Vallecitos At Labora General Electric ¢ 
San Jose, Calif., at the American Nuclear Society meeting, Chicago, Jun 
1960 
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N° Concentration in EBWR 
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i] i orl Ih We ANLONS 

NO tions (NH and 
t NO, NO The 
tration of N makes it 
that m contains more 

lioactive nuclide 
lft t roductior N combines 
vhicl remains 
\\ he experimental 


1 neutral but 
letected in the 


no neutral 


¥ 4C 50 


f feedwoter) 


FIG. 2. HYDROGEN-ADDITION effect on 


N ictivity in ste 12 in. above fuel 


FIG REACTOR WATER concentration of 


NS 52 in. above fu 


hs 


2 a6 


Reactor Power (Mw) (squore scale) 


FIG. 4. OPERATING PRESSURE effect on 


N n steam 92 in. above fuel 
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of about 50 to 1 at 20 Mwi(th) and the 


almost complete stripping of gaseous 
compounds. 

Under normal operating conditions 
the cation species in the 


anion and 


water are in the ratio of about 7 to 1. 
In the steam, the ratio of neutral (in- 
active) to cation species decreases with 
increasing reactor power (Fig. 1 

Effect of chemical additives. To 
gain an understanding of the se paration 


1 


mechanism of N'® various additives 


were introduced into the reactor feed- 


water so as to disturb the relative 
amounts of anion and cation species. 
Nitrogen, oxygen and argon gas had 
no upparent effect on the ion form ot 
N and 
The 


hvdrazine or 


tivity. 
Fig. 2), 


ck crensed the 


hence, on steam a 
addition of hydrogen gas 


ammonia 


anion-to-cation ratio in the water and 
hence increased the activitv in the 
steam above the normal valu At 20 
\Iw (th), 600 psig and 489° F, the addi- 
tion of 40 cm’ of He per liter of feed- 


water led to nearly 


equal proportions 
Ol anions and cations in wate! At the 
same time, the steam and condensate- 
system monitors indicated increas 


In radiation by a 


factor of tour No 


hange was observed in the total wate 
ictivity since the amount of N!° in the 
steam Was still a small fraction of the 
total produced 


Effect of power, pressure and water 
The N 


points in the 


level. entrations at 


cone 
reactor wate! roove the 


ore and in the steam in the upper por- 


tion of the reactor vessel were measured 
isa function of reactor power In the 
vater, 52 in. above the fu the con- 
entration Was approximat propor- 
tional to reactor power (Fig. 3), while 
in the steam, 92 in. above the fue th 
concentration appeared proportional to 
the square of the power (Fig. 4 

The effect, if anv, of reactor r= 
ating pressure on the water a steal 


concentrations of N'® and on the rela- 


tive amounts of anion and cation spe- 
cies in the water was too small to be 
detected (Figs. 1 and 4 Che steam 


activity external to the reactor vessel 


deer asing 


increased = with pressure 


owing to increased steam velocities 
As the 


Wis lowe re dl 


water level within the vessel 
the amount of N'® at a 
given clevation in the reactor water in- 
and in the 


creased reactor steam de- 


creased These changes can be 


uted to the variation of the steam and 


water velocities within the vessel and 
thus to the N'® deeay. 
Steam-water distribution. As indi- 
cated in the previous sections, the ratio 
a) of N'° in steam to N 


the 


in water in- 
certain 
chemicals and reactor power. Work 
at BORAX-III established that 


creasing the pH of the reactor water 


with addition of 


creases 
de- 


increased a@ (3). 


These three conditions of reactor op- 


eration also cause an increase in the 
mass flow of hydrogen gas through the 
reactor water above the core. If it is 


that the distribution of N*" 


between anion and cation species 18 a 


assumed 


function of chemical equilibrium estab- 
lished in part by hydrogen-gas concen- 
tration, it is possible to account for part 
of the variation of a. 

Part of the cation species are vola- 
tile, permitting their appearance in the 
vapor phase. Opposed to this, the an- 
ion species remain in the liquid phase. 
Thus, disturbance that shifts the 


anion-cation equilibrium in water in 


any 


the direction favoring cations will in- 
crease the N'® concentration in steam. 
If increased hydrogen gas increases the 
cations at the expense of anions, any 
condition of reactor operation that in- 
creases hydrogen concentration will 
Increase a. 


But 


Variations in @ 


only source of 


not the 
An increase 


this is 
in reactor 
power 1s accompanied by an increased 
tendency for N! the 
liquid phase. 
which the N¥ 


water decreases 


cations to leave 
The 


cation ce 


fraction, 8, by 
meentration in 
upon tormation of 
varies with 
We've shown that @ is independent of 


steam reactor power, 


the absolute concentration of cations; 
at 20 Mw(th 


during the 


8 remained unchanged 


hvdrogen iis, 


addition of 


which increased the absolute concen- 
tration of the cation form. But 8 does 
appear to be power-dependent We 
theorize that the amount of the cation 


form of N'® transported from the liquid 
to the vapor phase is related to the void 
fraction and the probability that a cat- 
ion species in water will approach a 
Water-steam interlace, 
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Detecting Operation 
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APPLIED Wire guides 
RADIATION ! 

CASE HISTORY 

NO. 6 ) =e 


Splicing Operation 





Radioactive Wire-Splice Tags 


A drop of P® varnish provides the signal for a shear that 


automatically removes splices from fast-running heating wire 


By MICHAEL J. CLANCY, Trac if Vl 


A TINY Pot of radioactive varnish at : s made, trigge! ~ t 
scintillation detector are saving that I es t ) { 
manufacturer ~ $30,000 a year. His t icket y 
problem was to detect wire splices that B : t icket weight (260 g g tha 
were essential in a continuous wir¢ meg the necessity of personne 14s ( y 
coating process before they wert tect t 
into the product. After other met} t Sup] 
had failed, we were able to dev t diot 
radiotracer svstem that more t suggest ft I T=lile nger t 
meets the manufacturer’s specificat 
of not more than one false indicatior P it 

f ,OO0 


; 


missed splice in a day of operatio1 


What We Had To Do sey Eee ee ae a , ; 3 + “a 


In the operation with which we ent P \I 
concerned, plastic jacket Is extru t 
onto heating wire at a rate of more t ti t trengt 
30 miles day. During each da 25 ~—itthat plied t S ( 2 . 
lengths of wire are spliced end to t t activit 
so that the extrusion can be cont ] t . z | 
uous. But splices must not end 
the product. They cause hot t uy t 
that burn out, and because they are les For tect 2 
flexible than other wire, they breal g int 
The manufacturer had previou ter tur! triggers Ul ; 
tried and failed to detect the cere : if t ‘e ratemeter tim Present Operation 
their additional weight and increa 0.015 
stiffness. Finally he was forced t °° 
station a man at the extruder to mar! How Much Activity? Md 
f sribierts P 


the jacket as a splice entered 


method both expensive and unrelial 


Instrumentation seen He Ee aa aie | tof $15 


We settled on a system in whi ¢ t | the manufactu ite! 
drop of P®*l]oaded varnish. applied { t re that ! t&30.000) 
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ON THE LINE 


Yankee —a Westinghouse achievement of the first order in its 
continuing effort to bring atomic power to its full commercial 
Capabilities 





ON THE BOARDS 


ed 


the new 375-Mwe atomic power plant is a giant step forward in 

the realm of controlled commercial nuclear power. Projects like 

this offerto professional personnel the opportunity to take part in 

jesign and development of economic nuclear power plants. 

ireer openings for qualified scientists exist in many areas. 
3reas are listed in the next column. 


uh — 
ah s 
| 


“CLOSED cvcte 
LEAR 





WATER nuUC 


| POWER PLANT” 


eat 





Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 


HEALTH 
PHYSICIST: 


To direct and perform health physics and 
industrial hygiene work at various WTR 
facilities. Work will also include non- 
health physics engineering that pertains 
to reactor and hot lab work. Must have 
A.B. or B.S. degree and additional train- 
ing in health physics. 


ENGINEERS — LOOP: 


To take technical cognizance of loop oper- 
ation and assist in installation and in 
shakedown operation of loops. B.S. degree 
in electrical, mechanical or chemical 
engineering, with 1-3 years engineering 
or plant operation experience in the field 
of high-pressure water tests. 


SENIOR 
ENGINEER: 


Alloy development on reactor materials 
and fuels with particular emphasis on 
control rod and cladding materials. M.S. 
degree in metallurgy with three years 
experience in reactor materials. 


PROJECT 
ENGINEER: 


To assist customers in the preparation of 
experiments to be performed in the test- 
ing reactor. Includes design of capsules, 
heat flow and fuel burnup. Also, calcula- 
tions and liaison with customer engineers 
during course of the experiment. B.S. 
degree in engineering with related nuclear 
experience. 


ENGINEER 
OR SCIENTIST: 


To perform reactor physics calculations 
on reactor cores which involves problems 
of the development and application of 
theoretical methods, founded on basic 
theory, to technical programs concerned 
with the design and construction of large 
power reactors. M.S. degree in physics 
or nuclear engineering. 





If you qualify for any one of the above 
positions, write immediately to: Mr. C. S. 
Southard, Westinghouse Atomic Power 
Division, PO. Box 355, Dept. X-72, Pitts- 
burgh 30, Pennsylvania. 
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“INSTRUMENTATION ano MEASUREMENTS 


Currents from Gammas Make -|. 


Detectors and Batteries 












































By BERNHARD GROSS and PRESTON VINCENT MURPHY, Jnstituto Vacior e Tecnologia, Rio de Janeiro, Brazil 
Compton electrons scattered by a Conducting ectron equ To 
field of gamma photons can be col- ouloos film oundary effect hose the aton 
cte ‘© usef ‘leetric cur- _ , { 
lected to produce useful electric 1 iG l tain 
rents. When the source of gamma Radio- that t it | . 
rays is an internal one, the system te : s origina t| 
: : a 
can be designed to make a new type ty , 
of nuclear battery. When the gamma Y : { penetrate y milli ters 
source is external to the svste1 the * solid suel t oto nts 
| So She symem Compton V/, f to] ‘ 
same type of device will serve as a electrons ( t tl err t 
dosimeter producing either a stati 1 er gl f tilibs 
charge proportional to dose or a cur FIG. 1. GAMMA BATTERY. Compton hot When ga 
rent proportional to dose rate. electrons derived from gammas from ulibriur 
Gamma photons with energies be- source af center move mainly outward. re iad - 
‘ ‘ . , th om iti 
tween 0.3 and 3 Mev interact with Source | en bec es positive and outer 4 
j conducting film negative S ‘ 
small-atomic-number materials main! tr sorb As t 
by Compton scattering (1). Thus as electro 
the photons collide with atoms in through tl t 
their paths, the field generates a fluy ft t] 9 
of Compton electrons that moves mad held es the t elect 
along with the gamma _ photons , onducting t | ‘ 
When these electrons move between : sf Film tor su t ont . . 
electrodes, they produce a curr nt Compton “ Z, ( z trod Irposes tr 
and the system then becomes a bat- electrons G/ rst s ft fat of ft t 
tery or a detector. hhoton r 
Unlike beta-ray direct-charging de- = srounded outer surface tt 
vices (2), a battery based on this s ul ortant 
principle is not limited by self-absorp- by + trons ’ 
: . } ~E Collector — 
tion in the source. Moreover it re- Loliecto ' { 
; absorber = " 
quires no vacuum and can supp! setic enough to penctrat 
essentially unlimited potentials. Un- tor. Since there is gat 
ee FIG. 2. GAMMA DETECTOR. Gammas 
like seintillation-photoconduction bat- ; bys | roa 
i : : F ; enter insulating block; electrons from ; . 
teries (3), this kind has a single-step Compton interactions with atoms of insula- it 
conversion of nuclear energy to clec- tor move to central metal absorber st ‘ Cor ently ther 
trical energy. The corresponding ‘ y 
radiation detector has several advan- ' t could pos reduce t Cn 
tages over conventional ionization t electron ranges: this 
chambers, principally a solid dielec- the central area of the block becomes t for a relatively thin insulatot 
tric in place of a gas chamber and th negative en the gammas and ele¢ h one can neglect ¢ 
absence of any requirement for a trons enter it after traveling from th ttenuatior 
power source. edge (Fig. 2 hus, although gamma | h elect 
soOrptior i h ise yields the cur 
IC} l i t t tr t DD 
How It Works . 4 a ol ee 
Although both battery and detector ectrons al irrent Is reversed 1 rt if eed y 
convert gammas into current, the two the battery and detector tee nor ty t] 
devices actually operate in different Battery operation. In iking a es: D the distartce bety 
directions. In our battery the sourc tter\ vould enciose a gamma ty , / lr" 
becomes positively charged when Sour IT metal disk imbedded in an tron irrent ‘ y / ° , 
photons push Compton electrons to sulating kK coated with grounded Did Dye 
the edge of the insulator’ block onducting f The metal source 
(Fig. 1). In the radiation detector yntainer thick enough to achieve l 
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B-L-H fabricates 
30,000 psi vessel 


This pressure vessel—believed to be 
the largest ever built—is one more 
indication of B-L-H’s ability to handle 
huge and unwieldy jobs efficiently. 

The assembled vessel, consisting of 
a high-pressure container moving in 
and out of a rigid frame made of six 
laminated steel plates each 4 in. thick, 
weighs 474,000 Ib. and stands 35 ft. 
114 in. high. 

Designed by Baldwin-Lima-Hamil- 
ton for the United States government, 
this unusual piece of equipment was 
built to withstand the tremendous 
operational pressure of 30,000 psi and 
a test pressure of 45,000 psi. The 
super-strength bronze sealing retain- 
ing rings so essential to successful 
performance under these extreme pres- 
sures were manufactured and machined 
in the Industrial Equipment Division 
foundry. 

Testing of this vessel, also done 
at Eddystone, required an elaborate 
procedure comparable in precision to 
the observation of a patient’s heart 
during a surgical operation. More than 
80 SR-4® strain gages, products of 
B-L-H’s E&I Division, were located 
at all critical points of the structure. 
Over 1500 readings were taken of the 
strains and stresses developed during 
loading the vessel up to 45,000 psi and 
down again. Evaluation of all test 
results and a full year of normal op- 
eration proved that the numerous 
parts and materials behaved even bet- 
ter than anticipated. 

Our illustrated Weldment Bulletin 
7001 will give you an excellent idea 
of our vast fabricating facilities. A 
copy is yours for the asking. 





View of high-pressure vessel fabricated at Eddystone 
showing pressure cylinder withdrawn for loading 





BALDWIN :- LIMA: HAMILTON 
Industrial Equipment Division - Philadelphia 42, Pa. 

















THERMOCOUPLE 
COMPONENTS 


Wires, insulators, protecting tubes, 
heads, blocks, connectors and miscel- 
laneous components—supplied in 
countless combinations, for highest pos- 
sible accuracy in any given application. 
Thermocouple components are among 


many thousands of accessories—all avail- 


able from a single dependable source 
—that can help 
your instruments | 
perform at their 
very best. 


Get complete de- | 
tails from your 

nearby Honeywell 
field engineer, or 
write today for 
Catalog G100-3. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 














Gamma Currents This article starts on page 86 


n is number of electrons produced 
per sec per unit distance; e is elec- 
tron charge) (5, 6). In this relation 
the current is not a function of insu- 
lator thickness as long as there is no 
measurable gamma attenuation. 

The magnitude of the Compton 
current can be estimated by substi- 
tuting in Eq. 1 n=yuNo. [yw 1s 
gamma-ray attenuation coefficient of 
the insulator for scattered photons 
\ is rate of photon incidence 
photons/sec For an appropriate 
average value of d we 
R cos 4 R,,,(cos #) 


is average Compton electron range 


use ee 

ave where R 
ind @ is angle between the electron 
path and the normal to emission 
and collection surfaces. The cur- 


rent then is given by 
I R cos 8) ave UN oF 2 


For any given gamma energy 


the current produced by the photons 
will be approximately the same in all 
small-atomic-number materials. By 
substituting the following numerical 
values one can use Eq. 2 to calculate 
the current from a completely en- 
closed 10-me Co* source: (R cos 6 
0.136 gm/em?; p 0.056 cm?/gm; 
\ 14% 1 


substitution gives a value for the 


photons sec This 


irrent of 1 uya 
Since Compton electrons hav 


igh energies, they 


produce high 
potentials For example the mean 
Compton-electron energy from Co 

gammas is 5d0 kev and the cor- 
responding range in a _ polystyren 
insulator is 2 mm. In a thick 
insulator the current is the sum of the 
individual electron movements and 


the potential difference is the sum of 





FIG. 3. 
by gammas that 
left instrument, 


SMALL DOSIMETERS are powered 


they measure. In 
voltage difference is 


individual energy contributions re 


quired to move an electron from 


source to ollector Since 550 key 
corresponds to a range of 2 mm, a 
potential of 5 950 ky 240 10 
volts can develop over 1 em 


Detector operation. In our «i 
tector photons ind ¢ trons travel to 
a central collector made of lead to 


} 


ensure efhcient gamma absorption 


The gamma absorption is essentia 


because gammas that penetrat the 

collector produ 1 reverse current ! 

Int ins of their (Compton electro 

“= 

The collector becomes negati 
harged and forms the negat 

electrode of the circuit A thir 

grounded film on the outside of the 
insulator serve is the posit 
electrode 

The Siam lerations ft it 
termine the magnitude of the irrent 
for the batter ire ilid for 
letector. One can also use Eq. 2 to 
ileulate the irrent densit iro! 

( o°" gamma beam For i l-roentge! 
sec flux, A 6 < 10° photons 
n“;sec a tl irrent d t 

2 wua cm Qur experiments ith 

the detector 

theoretical result S 

Gamma Battery 
Apphi it ir th t g 
itag it ) 

shows that O00-curie ( ' 

that is surrou | a. 

styrene sula vIVeSs ’ 

0.1 wa 
When tl tt { { 

5000 ky () theoret 
ircult oltage the power 1s 50 
ind the ! rsiol off el 
ibsorbed = gal i energ 7 





proportional to total absorbed dose. 


In right one, current yielded gives 


absorbed dose rate 
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c 


Since this insulator absorbes 5 /, of 


the amma energy the total efficiency 


is 0.352 
Absorption of a greater fraction of 
gamma ra increase the total 
ficienc f the itput voltage is 
wccording On the other 
hand. f t given output voltage the 
nsulator thickness can be increased 
to reduce ikage with only a small 
drop it heciens the drop cor- 
po t t! gy ma absorption 
the tor 


} entia itures ol our 
radiation detectors are shown in Fig. 
9 Alt oh t sical principles 

iit lifferent rom those in an 

tior hamber the measure- 

t te rue milar since a 

nt proportional to the radiation 
iItage difference pro- 

rtional to the total dose ee velops 
The essentia lifierences trom an 
ie use amber are these: the 

t t | initial voltage 

ting element 1s 


letector can 

t there is no 

rind nsit t with dose 
t; t ry } OOTINE can by 
(ur kil mod ontains a lead 
t nsulator and a 

—_ iter er (Fig. 3). 
ma-ray ab- 
r 1 er rovides a thin, 

: vagal e l-em-thick 
Luecit ilat enough to 
t , , revit to moderat 

ts . to } { the charge for 

it is read 

+} , ” removed and 

ua spor e cap. This 

et t " " t It\ ol ~| 
potential 
hye vd nan electrometer 


{ ter or vacuum- 


We a lesigned a second model 
tor reactor gamma rays 
Fig } It ta i 4 


ter, 12 I ndrical lead ab- 


m-diame ws 


raffir nsulator and thin 

current out- 

t (tl ppa i l-roentgen /se¢ 

fl the output is essentially 

lependent of gan 1 energy for a 

reacto! il spectrum and is un- 
itrons 10) 


Because ul vorking-model do- 


eters al SI not all of the 
topped in the 
aDSor I (ral ” that penetrate 


orber produc the insulator 
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Charging Current (u payem) 





| 
| 4 = 
* 

| dee: 

| er —eEeEeEe 
| nfinitely thick absorber 

m k leod be 

| 3-cm thick lead ab e 

—_— 


Gamma Energy (Mev) 


GAMMA CHARGING CURRENT 
depends on absorber thickness and 
gamma energy. Curves are calculated 
for 1 roentgen/sec 


FIG, 4. 


on the side away from the source 
a reverse electron current that reduces 
In addi- 


tion, the fraction of primary gammas 


the sensitivity of the unit 


that reach the second insulator is 
determined by the energy -dependent 
attenuation-coefficient of the ab- 
sorber. Therefore the energy  re- 
sponse becomes a function of absorber 
thickness. Figure 4 shows the cur- 
rent variation with gamma energy 
predicted by theory for different 
absorber thicknesses. The curve for 
an infinitely thick absorber is the 
theoretical charging curve We ecal- 
culated the other curves from this one 
by subtracting the reverse current 
which is the sum of the emergent 
primary beam and gammas singly 
scattered in the absorber We have 
assumed that these scattered photons 
are half as effective in producing a 
current as the primaries are. You 
will see from Fig. 4 that one can 
design a response to be inde pe ndent 
of photon energy (flat, horizontal 
curve) or to discriminate against 
either high- or low-energy photons by 
choosing the particular absorber 
thickness that is the most.appropriate 


to the purpose 


* * * 
This work was supported hy the Brazilian 
National NV uclear Energy (Commissar 
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Lepel 


HIGH FREQUENCY 
Juductiou 


HEATING 


Lepel induction 
eating equipment is the 
most practical and efficient 
source of heat developed for 
numerous industrial applications 


DUAL PURPOSE 
FLOATING ZONE AND 
CRYSTAL PULLING FIXTURE 


A new fixture with separate attachments 
for crystal pulling and floating zone appli- 
cations for use with a high frequency 
induction heating generator. 


THE FLOATING ZONE METHOD is used ex- 
tensively for zone refining and for grow- 
ing crystals of high purity silicon for semi- 
conductor devices by traversing a narrow 
molten zone along the length of the proc- 
ess bar in a controlled atmosphere. 


THE CRYSTAL PULLING METHOD is used for 
growing single crystals of various mate- 
rials, especially germanium, by bringing 
@ seed of known crystal orientation into 
contact with the surface of the molten 
metal and slowly withdrawing the seed, 
Producing progressive crystallization. 


The Lepel Model HCP-D consists of the 
basic unit with the traverse mechanism 
and ali the controls including the controls 
for the operation of the generator, and the 
floating zone and crystal pulling attach- 
ments. The same basic support, program- 
{ning and control unit is used in either 
adaptation. The major variations are in the 
attachments and the induction coils. The 
change from one application to the 
other can be accomplished in 
a very short time. 


work 
the completed 
ale Made elailiil tile ie, 


oleolite lobile la] 


WRITE FOR NEW LEPEL ATALOG 
vA L HIGH FREQUENCY 
— LALE LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77. N.Y 
CHICAGO OFFICE: 6246 WEST NORTH AVE 








Neutron-Source Calibrations: A Review 


By EDWARD J. AXTON, National Physical Laboratory, Teddington, Middlesex, England 


Many laboratories throughout the 
world have established standard neu- 
tron sources and have calibrated their 
strengths in absolute terms. As the 
figure shows, periodic international 
comparisons of these standards show a 
steady improvement in the measure of 
agreement achieved between the vari- 
ous laboratories. 


Presentation of Data 


The results of three recently pub- 
lished comparison experiments (2-4 
are presented in the table. Incon- 
sistencies in the results may be due to 
errors of measurement or to actual 
changes in source strength. To iron 
out these discrepancies and to obtain a 
best estimate of the errors in the abso- 
lute calculations, the figures in Col- 
umns 8-10 have been subjected to a 
least squares analysis. The analysis 
is restricted to those sources that have 
been calibrated to an accuracy of +3% 
or better. The over-all spread of the 
values is 3.8%. 

The degree of agreement between 
two laboratories A and B in their esti- 
mates of neutron-emission rate can be 
expressed in terms of the quantity 
Pp = (Qa/Qs) X R(B/A) where Q, and 
Qs are the emission rates assigned by 
the laboratories to their own standard 
sources as a result of one or more abso- 
lute measurements, and R(B/A) is the 
ratio, determined subsequently in a 
relative experiment, between the two 
emission rates. p is then the value 
which would be assigned by laboratory 
A to a source of value unity according 
to laboratory B. The deviation of p 
from unity is a measure of the accuracy 
of the determinations of Q, and Qs, 
combined with the precision of the 
measurement of the ratio R(B/A). 
Only if this precision is great can the 
value of p (relative source strength) be 
used to show up systematic errors in 
Q, and Qs. 

Relative source strength (p) for a 
number of standard sources have re- 
cently been published after three inde- 
pendent comparison experiments (2—4). 
The laboratories involved and relevant 
details of sources and measurements 
are listed in the table. 

From time to time slight alterations 
are made in preferred values to be 
adopted for neutron-capture cross sec- 


90 


tions (see Page 114-5) and other factors 
involved in the absolute calibrations. 
Thus amended values for some of the 
standard sources appear occasionally 
in the literature. Although these num- 
bers may not be the latest preferred 
values, they serve to provide a common 
basis for this The pub- 
lished relative source strengths (p) for 
the various sources have been amended, 


discussion. 


where necessary, to conform with the 
@ values listed in the table 


Interpretation of Data 





Since the scales of Columns 8, 9, 10 
are arbitrary, it is necessary to normal- 
ize each set of values to a common scale 
for comparison purposes. It is im- 
mediately evident that the data do not 
form a consistent set. (For example 
compare Switzerland and Harwell on 
Harwell 


no obv 10o0us conversion 


the Swedish and scales. 


Hence there are 
the scales can be 


factors with which 


linked. 


Since the discrepancies are, in 


NEUTRON CALIBRATIONS are almost 10 times as good as they were 10 years ago 





— } A 
ae =~ <== «== = — 
~ 
Sas <a na ur ‘liao acs aie 6 
— 
— 
on 9 ha 


0.1951 


(a),(b). 





b. 1954 


TIT 





c.1960 


Source strength that would be measured at 
different laboratories for a source that 
measured 1.0 at Argonne (1) 

(c) Best estimate of error in absolute calibration by 
different laboratories of a source of 

strength 1.000 

Weighted mean is zero 
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Reactor 
(Controls 





Introspective Control System 


A rigid, continuous self-examination is one of the reasons why 
General Dynamics/Electronics solid-state, modularized control sys- 
tems can squeeze more hours of power from nuclear reactors... 
and are helping close the dollar gap between the atom and fossile 
fuels as a source of power. 


While attending to their main functions—monitoring and controlling 
power level, rate of change of power level, pressure, temperatures 
and coolant flow —GD/E control systems check themselves con- 
tinuously. Should the suspicion of an irregularity occur, scram 
rods drop and the address of the malfunction is flashed on the 
annunciator. In a matter of minutes, an operator can pull the offend- 
ing module and plug in a replacement. Since this down time was 


GENERAL DYNAMICS 


MILITARY PRODUCTS DIVISION 


previously measured in hours, the extra time goes into kilowatts, 


The dependability factor adds even more hours of power a month. 
Up to now, lack of reliability in control systems resulted in costly 
periods of inactivity for system and reactor both. GD/E control 
equipment slashed that down time with a new plateau of fail safe 
operation, achieved through 100% use of transistors and key-point 
use of solid-state relays. 


If you’re concerned with nuclear power—marine, portable, research, 
or commercial—write for the illuminating facts. 


Engineers and scientists interested in challenging opportunities 
are invited to send résumés to Manager, Engineering Employment. 


ELECTRONICS 


ROCHESTER 3, NEW YORK 


| ELECTRONICS 1S A DOIVISION OF GENERAL DYNAMICS CORPORATION 








Neutron Calibrations be due simply to errors in the compari- must be corrected because of the slight 








This article starts on page 90 son measuréments although in some change resulting from the radioactive . 2 
cases the inconsistencies seem toexceed decay of radium. Ra-Be(a,n) sources 
fact, comparable in magnitude with the those that one would expect from such are further corrected for polonium 
apparent errors in the absolute calibra- errors. Alternatively, it may bedueto growth, but often the age of the radium 
tions, it is not possible to establish rela- errors in the corrections applied for is just not known accurately enough.) : ° 
tions between the latter with any degree time-dependent variations of neutron Further changes in neutron output may 
of certainty. This state of affairs may emission. (All radium-based sources arise as a result of the mechanical dis- 
Three Comparisons of Standard Neutron Sources 
Relative source strength, p 
see text 
Best 
{ecuracy Ha estimate 
(YV of well of error of 
Outpul Refe absolute (Rich Sweden VRC absolute 
Type of (10" ence value V ethod of mond (Larsson (Geiger value o> 
Laboratory SOUrCE n/sec date absolute calibration Ref 1967 1958 1960 (% 
NBS, U.S. A Ra-Be(y,n) 1.186 1955 + 3 (1) Water bath. Absolute 1. 006 1016 1.009 +0.5 
counting of boron reactions £ 
2 MnSO, bath. Absolute 5 
counting of Mn® 
Oxford, U. K. Rd-Th- 0.0621 5/25/55 1.6 l Absolute counting of associ / 1 O00) 0.1 e 
D.O(y,n) ated photoprotons 
2) MnSO, bath. A bsolute I) 
counting of Mn°** 
(3) Counting of recoil protons 
Harwell, U. K. Ra-Be(a,n) 9.04 3/5] +1 6 As for Oxford source 0.996 0.989 0.8 
NPL, U. K. Ra-Be(y.n) 0.1615 7/59 +2 MnSO, bath Absolute count- 12 0.991 0.979 1.0 
of Mn®* 
ABA, Sweden Ra-Be(a,n) 2.65 10/54 r2 (1 Absolute counting of alpha 13 1. OOO 0.992 0.1 
particles from H3(a,n) He‘ : ‘ 
2) Water bath and gold foil 14 
Absolute counting of Au'*® 
s) HBO, bath BF; counters 14 
UMHK, Belgium Ra-Be(a,n) 7.87 12/52 +2 Water bath and gold foil. Ab- 6 0.997 1 027 1.012 +1.9 ° 
solute counting of Au'*® B 
PTB, Germany Ra-Be(a,n) 1.95 8/58 2 Water bath and gold foil. Ab- 16 1. 006 +1.3 
solute counting of Au!” 
NRC, Canada {a-Be(a,n 3.208 7/58 +15 1) MnSO, bath Absolute Gi 1 000 +0.7 
counting of Mn** 
2) Counting of Na*®? produced 17 
in F'%(a@,n) Na®? reaction 
Basle, Switzerland Ra-Be(a,n) 1.518 1/55 +2 8 Water bath and gold foil Ab- 18 0.979 001 1.9 
solute counting of Au'®® 
Moscow Institute of {a-Be(a,n) 5.96 6/5 ; Graphite stack. ‘‘Negative”’ 19 0.995 1.3 
Physics, U. 8.8. R. gold foil source Absolute 
counting of Au 
Joint Institute of Ra-Be(a,n 0.486 3/52 +7 MnSO, bath Absolute count- () 0.992 
Nuclear Research ing of Mn* 
Dubna, U.S.S. R. 
Los Alamos, U.S. A. Ra-Be(a,n) 6.07 8/44 t 5 H;BO; bath Absolute count 21 0.999 
ing of boron reactions 
ANL, U. 8. A. Ra-Be(a,n) 5.5 10/44 +7 H:BOs; bath Measurement of 22 - 1.063 
boron reactions 
F mond's work Also a slight amendment was ade to the Swiss figure to 
How the Comparisons Were Made. The Harwell data (2) (Column 8 conform with the Q value listed for the Swiss source 
are derived from a direct comparison between the Oxford, Durham, U. 8 The Swedish experiment ($) (Column 9) consisted of a direct comparison 
National Bureau of Standards (NBS) secondary, Swiss, and Harwell between the Swedish, NBS secondary, U. 8. 8. R., Harwell, Swiss and 
sources. The comparison was based on the amount of radioactive Mn** Belgian sources. The method was to compare the integrated neutron 
produced by each source in turn when mounted at the center of a volume flux in a bath of water or dilute boric acid, BF: counters being used for 
of concentrated aqueous solution of manganese sulphate. In addition the measurements. In addition, the Swedish source was compared wit! 
measurements were made on a Los Alamos Pu-Be(a,n) source that had been the Russian sources in Moscow and with the Belgian source in Brussels . 
compared with the Los Alamos Ra-Be(a,n) standard and on an Atomi For the National Research Council comparison (4) (Column 10) the 
Energy of Canada Ltd. (AECL) Ra-Be(a,n) source which had been NRC source was compared directly with (a) the Swedish source at Stock 
compared with the Argonne Ra-Be(a,n) standard Also the Swiss source holm, (b) the Belgian source at Brussels, (c) the German source at Braun 


schweig and (d) the NBS secondary source at Ottawa The NRC source 


had been compared with the Belgian source. The Durham absolute cali 
bration, which will be based on the amount of helium produced in the Be® 
(y,n)2He* reaction, is not yet complete. However, the Durham source 
has been adopted as the National Physical Laboratory (NPL) standard 
(NPL source in the table) and has been calibrated by absolute counting of 
manganese activity (12). 

The Harwell figure has been amended to conform with the Q value listed 
for the Harwell source; this value having been adopted as a result of Ric! 


was also calibrated at the National Physical Laboratory by absolute count 
ing of manganese activity The NPL value has been raised slightly due 
to a subsequent change in the interpretation of the results of the NPI 
calibration This brings the figure into line with the NPL figure in the 
Harwell column Also the Belgian figure has been raised slightly to con 
form with the Q value listed in the table, allowing for the increase due to 


polonium growth (6 
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FOR THE 
POWER OF THE ATOM 


In Rowe, Massachusetts, the Yankee Atomic Electric Com- 
pany has built one of the first commercial atomic power 
plants in the U.S. 


This engineering marvel, designed to transform the de- 
structive power of the atom into useful electrical energy, 
utilizes no less than 200,000 feet of Simplex wire and cable, 
some of which is exposed to radiation. 


For top performance in all types of installations, utilities 
and industrial companies the world over rely on the prod- 
ucts of Simplex research and development. 


Hitemp Wires Division 
Westbury, L. I. 


Submarine Cable Division tee re lex 
Newington, N. H. > 
WIRE & CABLE CO. 


CAMBRIDGE, MASSACHUSETTS 



































Neutron Calibrations [he most probable values for th 


are shown in Column I1 relative to a 



















This article starts on page 9U . 
mean of zero weighted according to the 
turbance of materials comprising the agaecuracy shownin Column5. Column 
source 11 thus represents the best estimate 
Most of the sources are either photo that can be obtained of the errors made S 
neutron or alpha-neutron sources in by each laboratory in the absolute cali 
volving radium and beryllium. Th bration of its own souree It will be 
energy spectra of the sources are not realized that the solution is not exact 
known accurately the average and since each ilue of has a standard 
maximum energies Ol the alpha-neu- error that can be ilculated only with 
trons are considerably higher than onsiderable difficult, It is sufficient 
those of the photo neutrons, so that to say that the uncertainties are such 
additional corrections are necessary for that the true errors in the absolut 
fast-neutron losses in the absolute cali- calibrations are masked bv errors aris 
bration of the former. Also, optimum _jng in the comparisons 
dimensions for apparatus depend on This difficulty will probal remain 
neutron energy is long as Ra-B 0,7) source : 
: tained as st il rh I 
Best Estimate 
photo-neutron ree makes a I 
To obtain the “best”’ estimate of the stable standard but suffers from th: 
TTIGTEETIRVIETIIME | errors in the absolute calibrations, the ttn Standard but suffers fro 
. following method has been adopted radium and tl reate! cidaeiiak } 
TEMCMTLORIIGETLGTMMME | Valsics xs, 2s, ete. are assigned to the lUN au {he Brealer gama : 
. « eae secs en ae 
errors made by each laboratory in its le a. SOUT nd the itonium 40 
hala need absolute calibration. A large number fission source ld make stable stand 
of equations can then be obtained fron wa for lone 4 omparisons, t 
the data, of the type 2, I. | T sion spectru ; itter sou gy 
a. k.. where 6,, is the error made part , ; , ! , 
| by laboratory 1 irrying out a com- silane Wit] re stable source nd 
parison measurement on source § improved té 1 t should be i 
' The Los Alamos Argonne and | S.8.R | be PR ter recisiol } . - 
II sources were omitted in view of the paricon measu a ae 
a rather large errors in the absolute cali- ili light stomatic. errors 
i brations The equations are then inherent in th ite calibrations 
a weighted according to the standard * * & i 
y errors of the measurements, and a solu- This pa 13 J f th 
tion S optained by 4 least-squares , \ rr 
method to give the most probabl he D ' si 
values for the z’s. The equation in 


hes volving ag ' ir of sol s is givel IBLIOGRAPHY 
Engineered to give you years VOIVINE 4 £1 I ources Is given BIBL 


of vibration-free, superior a weight proportional to the reciproca H 12 
operation, Stokes Series H of the square ‘ 
Microvac pumps are the 
most advanced in their class. 
Exceptionally compact, Stokes 
pumps take up 50°; less floor 
space than conventional 
vacuum pumps. 


he standard error (¢ R. R und Mat 


in the measured ratio of the emission 












rates of the two sources as estimated K. E. I : \ Ene 6, 158 


rious experimenters On the 


yf similar neutron spectra (for exampl j 
Learn all the reasons why two a.n source r two photo-neutron A.D 
Stokes offers you more pump- sources The error was increased to \ De l Resea \ R 
ing performance per dollar. 7? g 55 

a - ; ‘ + Q)&%, tor dissil ir sources, to cover once 

Simply write: Vacuum Equip- ( 

ment Division, F. J. STOKES 
CORPORATION, 5500 TABOR neutron losses For the Belgian sources 
ROAD, PHILA. 20, PA. error was further increased to 1.25% W. D. Alien, A. 17 son, AERE NP/I 


additional errors in estimates of fast- NP/R/1577 








oI as indirect | ' 


t gh —aeey ' |. K. E. Larsson, A kT, 3 
Ss ve ) oe E § with the exception of the NBS figure . Kol \ 0 Us 
+3%) since the NBS source was the K. W ’ ‘ 37 


only photo-neutron source On the K. W 37, ) 











NRC scale each comparison was carried 





out laboratory 





between the stated source and the N R¢ 2 V.A.D 
SEND PODAY source are a ows: Sweden + UD t } i ' Ene 3 88 ( 
{ Vy ‘ree ‘ mn i 7. 3, 
ror your tree Belgium i 19 Germany + () 36 R. I "W j 
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with a coinplets Abt 
laboratory work, vacut 
usage. Whether pater {connecting 
glass to glass, glass to metat or glass to plastic 

. any installation requiring an absolute seal on iat 
gisés, plastic or metal tubing — 


Swag 3 TUBE dasina 


SOLVE YOUR PROBLEMS 


CRAWFORD FITTING COMPANY 
884 EAST 140th ST. « CLEVELAND 10, OHIO 
CRAWFORD FITTINGS (CANADA) LTD. 
NIAGARA FALLS, ONTARIO, CANADA 
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Coated-Particle Fuels—Promise and Problems 


The nuclear industry, ever alert for 
promising new reactor fuels, is paying 
close attention to coated-particle sys- 
tems—which promise high-temperature 
operation, inexpensive fabrication and 
good neutron economy. A close look 
reveals problems as well as promise, 
but long-term development programs 
such as that sponsored by AEC at the 
Battelle Memorial Institute should 
make quantitative some qualitatively 
attractive features. 

Here’s what coated-particle 
are like: Small spherical particles of 
fuel, comparable in size to common 
table salt, are coated with an im- 
pervious layer of a ceramic material 


certain 
products nearly 


recoils cannot 


fuels 
occur only if 


Such failure 


economically shaped into reactor fuel 
elements of various shapes and sizes 
by simple mass production techniques. 
One advantage of this type of fuel 
is that it seems to be possible under 
conditions to contain 
completely. 
escape, 
through the ceramic: coating is very 
slow even at high temperatures so that 
as long as the coating remains intact, 
fission-product loss is small. 
quently, release of fission products will 


because the coating is strong, and the 
spherical shape ideal for resisting in- 


Carbon, alumina, beryllia, magnesia 
zirconia, silicon carbide, and zirconium 
among the many possibl 
The coated 


ticles can be dispersed in any suitable 


carbide are 


coating materials. par- 


fission matrix—graphite and beryllia are the 


Fission most promising ones, though one 


and diffusion could use any other matrix if desired 


Two developments have made it 


practical to apply thin and uniform 


coatings on small particles, using a 


wide variety of materials as the coat- 
These are th 


( ‘ mnse- 


ings. de velopment ol 
coating failure occurs. vapor-phase coating methods, and the 
will not occur readily, use of fluidized bed technique Ss. or 


barrel plating, for applying coatings 


Up to the present time BMI has coated 


in a vapor-phase coating process. ternal pressure, so that such particles both uranium dioxide and uranium 
The coating thickness is chosen great have a high resistance to cracking. carbide with alumina, beryllia, and 
enough not only to trap all fission Furthermore, thermal stresses are low pyrolitic carbon. They have also 
recoils within it but so that a layer of in the particle coating because the coated such materials with metals such 
undamaged material remains to con- particles are small as niobium and chromium 

tain fission gases and other fission Coated particle fuels have other 

products. The individually coated advantages as well. They can be Tests of Coated Fuel 

fuel particles are then evenly dispersed made entirely from materials having Integrity of the coatings is being 


in a matrix material such as graphite. 
The dispersion can be conveniently and 


Pressure-Vessel Complexity Matches 
Borax-5 Flexibility 













INLE TS-SUPERHE ATED 


HOLD-DOWN GUSSETS / STEAM 


EXIT MANIFOLDS- 
SUPERHEATED 
STEAM 


HOLD-DOWN PLATE 
AND SPRINGS 


se CONTROL RODS 


BOILING FUEL 
ASSEMBLIES 


SUPERHEATED FUEL 


— ASSEMBLIES 
INTERPASS PLENUMS- 


SUPERHEATED STEAM 
FLOOD AND DRAIN 


MANIFOLD 
SUPERHEATER 


’ CONTROL ROD DRIVE 
NOZZLES 
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low cross sections so that the neutron 


economy of the reactor will be good. 


studied by Cu hing by heating oxi 


coated particles in air, or graphite- 


BORAX-5 REACTOR VESSEL, 16 ft high by 5!¢ ft in diameter and 
weighing 30 tons, has 2!;¢-in. wall of A212B carbon steel clad 
inside with type-304 stainless steel. The vessel, fabricated by 
Nooter Corp. of St. Louis, Missouri, has 40 nozzles (several 
thermally sleeved) “for versatility. Three different cores can be 
installed in this latest of Argonne’s experimental series of boiling 
reactors: (a) a saturated all-boiling core, (b) a boiling core with 
central superheater elements, (c) a boiling core with peripheral 
superheater elements. The boiler fuel elements will consist of 
UO, pellets in stainless-steel tubes; the superheater fuel elements 
will be UO.-stainless-steel cermet plates. In operation at 20 

40 Mwi(th), steam at 600 psi and 489° F will rise from the boiling 
section, then be pumped downward through half the superheater 
fuel elements, then up through the other half, from which it will 
emerge at 850° F. Since superheater section normally will be 
devoid of water, which otherwise would help as a shield, a |-in.- 
thick thermal shield is located inside top head of vessel 
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UNIQUE COMBINATION OF ADVANTAGES 
OFFERED BY CITRIC ACID 


IN CLEANING NUCLEAR EQUIPMENT 
SRN LR 


PFIZER CITRIC ACID has already established 
itself as a completely acceptable, highly effi- 
cient agent for preoperational cleaning of 
atomic reactors and for radioactive decontam- 
ination of nuclear equipment. Most commer- 
cial nuclear power facilities presently in use 
have been successfully cleaned, at least in part, 
with citric acid. 

Such widespread usage and approval is more 
understandable in view of the fact that citric 
acid alone offers all of these advantages: 


PFIZER Citric ACID is a highly efficient clean- 
ing agent which removes imbedded metal and 
oxide film from steel and stainless steel. 
Prizer CITRIC ACID’s sequestering ability pre- 
vents reprecipitation of dissolved scale. 
PFizer-CrTric ACID is non-toxic and readily 


water-soluble—it is, therefore, both 
safe and easy to handle. 






Prizer CiTric ACI provides the 
means to storage and handling econ- 
omies—itissold asadry, 100% acid. 


Vol. 19, No. 3 - March, 1961 


the world’s 


CHEMICAL DIVISION 


PFIZER CITRIC Acip can be effectively inhibited 
without losing either its cleaning or sequester- 
ing ability. 

PFIZER CITRIC ACID completely eliminates the 
problem of chloride stress corrosion in clean- 
ing nuclear equipment. 


No wonder, then, that manufacturers and 
operators of atomic power equipment have 
approved the use of citric acid for cleaning 
boilers and heat exchangers, for flushing the 
pressure vessels of nuclear steam supply sys- 
tems, and for numerous other jobs. 


And responsible personnel are learning daily 
to think of Pfizer when the product is citric 
acid. Take advantage of the long-standing ex- 
perience of Pfizer in producing citric acid. 


Write today on letterhead stationery for your 

free copy of Pfizer’s technical litera- 
ture on nuclear equipment clean- 

® ing: Chas. Pfizer & Co., Inc., 

Chemical Division, Brooklyn 6, 
New York. 
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Coated-Particle Fuels 


This article starts on page Tal * ¢ 





{ coated ones in gas followed by leach- 
ing, and by neutron activation followed 
by heating In all of these tests 


properly coated particles have heen 


a, 


Flange 


found to have no detectable defects 

Some of these methods have been 
used to study coated-particle disper 
sions in graphite 

The most complete data for this 
CONOSEAL Union Fitting kind of fuel material have been ob 
j tained for a dispersion of alumina- 
coated UO: in graphite The UO, 





particles were 100-140 microns in 
diameter and these were coated with 
40 microns of alumina in a fluidized 
bed, by the vapor-phase hydrolysis 
of AlCl. at a temperature of 1,000° ¢ 


LF & 





The alumina coatings are very dense 
Elbow impermeable, alpha alumina, are hard 


and strong, and transparent. In 





tegrity of the coated particles Was 
demonstrated by the tests previously) 
des ribed 


CONOSEAL Union Fittings ": :*'*!_ particles were ais 


persed in graphite by National Carbon 


Use 





Co to produce graphite balls about 


for highest performance iz. i de Mlenaaint. Wien dition: a0 


damage to the vated particles during 
s . s J . 
when joining all types of small diameter tubing  «rphite iabrication was demonstrated 
DV neutron activation and heating 
tests 
: Irradiation tests have been made on , * 
Now you can get highest performance that will solve any tube joining ihe init I Te a 
problem, with the new Marman CONOSEAL Union Fitting. And you tion atudies o ball was irradiated and 
also realize savings in materials, installation and maintenance over heated to temperatures of up to 
conventional joining methods. 1,000° ( Fission-gas release rate 
The new CONOSEAL Union Fitting assures a dependable leak-proof was monitored continuously, and found 
to be 10 10 of the rate « f 


seal with working pressures of 4000 psi and burst pressures of 16000 
psi at room temperatures. Temperature capabilities range from 
—450°F. to +1500°F. O. D. tube sizes available from %” through 1”, 
with a full range of tees, crosses and elbows. Let the CONOSEAL Union 


gas product 
Another irradiation test was run at 


high flux, to a total burnup of 5-6 


ilranium atoms, while fission ga 
Fitting meet your specifications for a wide variety of applications, lease was monitored continuo 
including connection of dissimilar metals. Other The initial fission gas retention was 


benefits? CONOSEAL Union Fittings are compact, 
lightweight and require no periodic retorquing. 


extremely good, about 107*-10 
the quantity produced depending 

the particular fission product 1sotop« 
Get full information about the new Marman CONOSEAL 
Union Fitting. Ask your Marman Field Engineer, or 


It is believed that this release result 





from minor ontumination ol the 
write for a copy of our Bulletin 804. ieee 3 eee an Whe 3 

Ou Vv Uranium he releas« 

fission gas increase somewhat as 
CONOSEAL is an Aeroquip trademark ISSION mA i . . 

radiation progressed until the release 


had reached a level of 10 10) it a 


burnup of 5-6 This result sug 


* 
gests that deterioration of some of the ° ° 
el @) Ul oatings had occurred during irradia 
tion, and the cause of this deterioratior 


will be determined from postirradiation 


MARMAN DIVISION examinations which are now in prog 
11214 Exposition Bivd., Los Angeles, California ress.—Based on information supplied 
Aeroquip (Canada) Ltd., Toronto 19, Ontario by R. W Dayton. Battelle Memoria 
roducts are Covered by U.S. and Foreign Patents and other Patents Pending 
Institute 
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Free engineers for creative assignments 


with the new low-cost IBM 1620 


The IBM 1620 Data Processing Sys- 
tem is a low-cost solution to the prob- 
lem of freeing engineers for their most 
assignments. 


creative and profitable 


Here’s why: 


EASY TO useE—Just a two-day training 
class is all you need to put your 1620 
into operation. This means no delays in 
learning to use the 1620 computer. 

In addition, you get a wide range of 
free programming services including 
FORTRAN and GOTRAN. FORTRAN is the 
powerful scientific language that lets 
problems without writing 


} 


you soive 


detailed computer instructions. GOTRAN 
is a simplified language (a sub-set of 
FORTRAN) that lets you enter simpli- 
fied problem statements and data into 





the computer with the solution immedi- 
ately available, in one simple operation. 
FASt—The 1620 solves a set of ten simul- 
taneous equations in only 20 seconds. 
It inverts a 10 x 10 matrix in just 42 
seconds. 
PoweRFuL—The 1620 inverts a 40 x 40 
matrix. With optional additional core 
storage the 1620 can handle matrix in- 
version problems of a much higher 
magnitude. 
GET FULL DETAILS—The 1620 is the most 
outstanding engineering and scientific 
computer in its price range. A basic in- 
stallation rents for just $1,600 a month. 
To learn how the 1620 can free you 
for more creative engineering work, 
call your local IBM representative. 


¢ 








IBM's 1620isacompact 


desk-size computer. 


DATA PROCESSING 


® 








DECONTAMINATION 
BOOTH 


Instantly ready for 
vital FIRST AID 


Miscues and accidental exposure to dan- 
gerous propellants and other chemicals can 
occur with shocking suddenness. Adequate 
water irrigation is an important key to min- 
imizing such injuries and subsequent 
claims. HAWS Decontamination Booth is 
the answer...a complete safety station for 
immediate first aid. 


HAWS MODEL 8600 
DECONTAMINATION BOOTH 


is made of durable, lightweight reinforced 
fiberglass plastic, and features Haws Eye- 
Face Wash Fountain, eight lateral body sprays 
and overhead spray unit. All are simultane- 
ously activated by weight on the base- 
mounted foot treadie! Contaminated victims 
are instantly ‘‘covered” with water that 
floats away foreign matter from body and 
clothing. 

At aeronautical and astronautical installa- 
tions everywhere, HAWS Safety Facilities are 
important in boosting air-age safety pro- 
grams. Find out what this equipment can 
mean to your operation. Full details sent on 
request, with no obligation. 


J DRINKING FAUCET CO, 


RKELEY . Al 


FORNIA 





EXPORT DEPARTMENT * 19 COLUMBUS STREET 
SAN FRANCISCO 11, CALIFORNIA 
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Repair of the HRE-2 Core 


By EUGENE C. HISE and IRVING SPIEWAK 


Oak Rida 


In April, 1958, soon after Homogene- 
ous Reactor Experiment No. 2 (HRE-2 
had achie 


i hole formed in the Zircaloy core Ves- 
sel, Although the hole connected the 


ved its rated power ol 5 Mw 


core and blanket regions, it did not pre- 
vent continued power operation with 
fuel solution in both regions. A _ pro- 
gram was initiated to determine the 
cause of the damage, to prevent further 
damage and to develop repair methods 

It was determined that the fuel solu 
tion became unstable when overheated, 
creating solid or heavy-liquid materials 


Fl yW 


core model to 


of high uranium concentration. 


tests were made in a 
study the behavior of corrosion prod- 
ucts and other materials in the upward- 
flowing fuel stream. It was concluded 
that solids could accumulate in regions 
of low velocity or flow separation, be- 
come overheated and cause uranium to 
precipitate. This autocatalytic proc- 


ess could continue up to burnout, melt- 


ing a hole in the vessel; flow through 
the hole would then wash away the 
deposit 

It was further concluded that core 
wall cooling could be improved sub- 


stantially by Zircaloy 
liffuser plates which acted as flow dis 


removing five 





HRE-2 Back on Line | 
The HRE-2 attained a 5-Mw 
power level on January 4, 1961, 


with no indications of the chemi- 
cal instabilities noted previously 
The improvement is attributed to 
the reversed flow of the fuel 
solution. The power-time trace of 
the reactor is now characterized by 
continuous mild power oscillations. 
It is believed that the oscillations 
about by turbulent 
homogeneous 


are brought 
fluctuations in the 
core, which does not have control 

However AEC decided late in 
1960 to terminate HRE-2 work and 
the entire homogeneous program 
| by June 30, 1961 (see p. 31 


| 
| 
| rods 
| 





National Laboratory, Oak Ridge 


Tennessee 


. 


= 
es 


(, (Ny Hole 


¥ | 
| 
J 


FIG. 1. REPAIR OF HOLES in HRE-2 core 
vessel was done remotely. Access to core 
was through 2!¢-in.-diameter flange and to 
blanket through 3!5-in. flange. Workers 
were on top of shield plugs 17 ft above 
vessel equator. Radiation level in empty 
vessel was > 100,000 r/hr—much of it as 
scale or loose particulate matter that grossly 
contaminated tools 





ho 


ersing the directio 
hing the hole 


tributors, by re 


flow and by pat so that 


mixing of core fluid into the blanket 
ould be reduced and possibly elir 

nated. After tools had been de veloped 
to perform these tusks, it was discovered 
that a second hole had been formed 
during continued operation. This sec- 


ond hole was patche d during work that 
began in March 
pleted in August 


The conditions 


1960, and was com 


under which this 
work was performed are illustrated in 
Figs. 1 and 2 The detailed program 
included inspection, material removal 
ind repair Mach operation was per- 
formed with a specially developed tool 


each technique however, of general 


interest to maintenance engineers who 
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Now, for the first time, automatic analysis of radioactive 








samples with counting rates as low as 2-3 cpm 


Low level C-14, P-32, and Sr-90 samples, pre- 
unmeasurable with automatic equip- 
can be counted with high precision in 


viously 
ment, 
Nuclear-Chicago's new Low Background Auto- 
matic Sample Changer. Unwanted interfering 
background has been reduced to only 2 counts 
per minute by extensive shielding and a unique 
‘‘guard’’ which eliminates cosmic ray counts. 
High sensitivity is achieved by use of a new 
‘‘Micromil’’® window gas flow detector, 


/ 


The low background permits a substantial cutin 
the amount of labelled reagent required in tracer 
work and greatly reduces measurement time. 
The entire system can be left unattended and 
printed data collected when convenient. And— 
if you already have a Nuclear-Chicago Automat- 
ic Sample Changer, you can convert it at mod- 
est cost into the new Low Background Changer. 
For full information, please ask us to send our 
Bulletin C-115. 
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nuctlear-chicago 


CORPORATION 


345 E. Howard Ave., Des Plaines, Illinois 








HRE-2 Core Repair 


This article starts on page 100 





FIG. 2. PORTABLE STEEL SHIELD for direct 
hot maintenance of HRE-2 components. 
Sections of 1014-in.-thick steel slide on rails. 
Modules (above) contain eccentric plugs, 
periscopes, lights and openings for long- 


with the 
Questar telescope (manufactured by 
New Hope, Pa.), micro- 


of the core Combined 
Questar Corp., 
scopic examination in situ was possible 

For operations where vision was 
essential but space in the access flange 
could not be spared for lights and a 

external-light-source 
This device 


was used a great deal to view the re- 


periscope, an 
viewer was developed. 
moval of objects from the core. 

In most of the operations performed 
on the holes, vision from the blanket 
side was needed to aid in positioning 
the tools. 


jector lamps and fixed and rotatable 


This was provided by pro- 


mirrors mounted on a frame that could 
be erected remotely after insertion into 
the blanket region 

Measurements of the thickness of the 





PB os 


FIG. 3. LOWER HOLE leaked after patch- 
ing because of piece of Zircaloy screen 
welded to wall (arrow) 


handled tools Zircaloy core vessel were made by . 
means of an ultrasonic transducer \ ilready burned or corroded these 
manipulator positioned the transducer *reens loose 
may try to cure sick reactors in the 4 preselected points over the entire For removal from the vessel, the 
future. core surface It was thus established screens were cut into strips 149 1n vide 
1 with an underwater cutting torch 


Inspection Operations 


that corrosion had reduced the core wal! 
from an average of 0.312 in. to 0.300 in 


operated blind. A n 


lanipulator posi- 


For viewing in the core, a 7-in.-o.d. during power operations. Metallosses toned each screen vertically and then 
by 21-ft-long periscope was developed were greatest up to 0.040 in.)inregions Sided the vertical tore h travel. Sim 
by Lerma Engineering Corp. (North-  o¢ yranium deposition ple hooks and grapples, mounted on 
ampton, Mass). Its optical elements To obtain the exact dimensions of [omg tubes, raised the strips into a 
are of cerium-stabilized glass, which ho two holes. impressions were made bucket placed just above the access 
after several hundred hours of use with electrically hi eidhiadl thermoplasti flange. Cutting debris was flushed 
shows no appreciable loss of light jocks. The contaminated plastic into 4 screen filter 
transmission. The scope has inter-  }Jocks were replicated in a hot cell to An air-motor-driven wire brush 
changeable objective elements, one of obtain a clean casting. The ri plica of leaned and des 1 the core This 
which gives a 180-deg field of visionand ¢he Jower hole served as a model to fit *00!, mounted on a manipulator hinged 
the other a 30-deg field of vision at right 4), patch: use of the other replica is “tthe spherical center of the core, made 
angles to the instrument axis. Light-  goceribed further on onsecutive tipping horizonta 
ing is provided by 500-watt projection isses over the entire core surfa 
lamps caged and mounted on 20-ft-long . . 
14a. “tubing handles. This side Cutting Screens, Cleaning Core Patching the Holes 
ment provided vision for many me- Saws were devised to cut the diffuser The first hole (Fig. 3), 149 in. in 
chanical operations and was used to screens loose from the core wall. The diameter, was clean and fairly round in 
obtain a complete photographic map _ operation of the reactor, however, had appearance so that it appeared to be 


The Upper-Hole and How They Patched It 








FIG. 4. UPPER HOLE was elongated (A), required rounding (B) before patch was attached (C) 
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rf A COMPLETE 
Start-to-Finish Service 
by NEWBROOK 


" x tent sertior 
, 
of — 
4 @ vesse 
> 


, SSS >. 
? r 3 Patch 


T agie 


ssembly 


FIG.5. PATCH-PLACEMENT TOOL inserted 
toggle assembly through hole and tightened 
bolt which operator observed with blanket 


viewer 
itable for patching without addi- 
I i tl 
Che elongated shape of the second 
Fig. 4) and surface contamination 
tated ration before patch- | 
g. A hook scraped loose deposits 
inded the hole (to 
t lor positioning 
t mpression of the hole 
tain earlier); and then a 
24-flut tape | reamer machined a 
t bU-deg seating angle for 
: , f king the patch Metallo- 
v t the specimen 
t] iw from the core wall | 
iting rather than 
isible for the hole. 
ent tools performed 
Fig. 5 Each 
itcl I i cover plate, gold 
y surla toggle bolt 
i} ross each pat h was 
tern gl ty flow of water | 
g to the other. The 
lower hole was | 
6 2-in. water head 
ttributed to mechanical inter 
i i piece ol Zircaloy 
velded to the wall (Fig. 3). 
luces excessive mixing in 
it rul Ul patch may be rein-| 
{ ite across the upper 
Conclusions 
° ° i ( 141n I isions are derived 
work fluid-fuel reactor 
i ict il without over- 
‘. mn In ho cause did 
. 
sure exceed weekly tolerance—and 
2) detailed inspections and repairs can 
be ide int re ol any reactor type 
inforeseen accident 
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NEWBROOK is an experienced organization 
with research, development and production facil- 
ities and capabilities to render a Start-to-Finish 
service. 

We have a small, efficient plant, completely inte- 
grated with machines, men and “know-how.” 
Our engineering and technical specialists have 
an extensive background in mechanical, electrical 
and hydraulic design and production. Our welders 
are certified and skilled in the welding of all 
the special metals used in atomic and missile 
components. 


Newbrook offers you quality, reliability and deliv- 
ery “on time.” Let us quote on your requirements. 


NEWIZROOK 


MACHINE CORPORATION 
SILVER CREEK « NEW YORK 








NEWBROOK is now 
producing nuclear hard 
ware components, pres 
Sure vessels, vacuum 
equipment and other 


atomic products 


Our customers include 
nuclear and atomic 
contractors working on 
A.E.C. projects 


NEWBROOK is we'!! 
known for its part in the 
production of Turbines 
Launchers, Hydraulic 
Pumps, Shields, Starters 
Detector Rod Mechan 
isms for Atomic Piles 
Sub-Assemblies for Nu 
clear Reactors, Testing 
Devices, Vacuum and 
Pressure Furnaces 


and many more 
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an effective material 


Boral is a uniform dispersion of boron 


carbide crystals in aluminum. [ts high boron | 
carbide content (up to 50%) enables it to | 
absorb thermal neutrons without the pro- 


duction of hard gamma rays. 


Boral Plate can be worked to meet the 
requirements of a wide range of shielding 
applications. It can be drilled, 
punched, sawed, sheared, and 
welded. The accompanying sketches show 
typical designs and assembly methods. 


tapped, 
formed, 





ar, 
Shut-down Control Rod for Reactors 
Assembly of this unit is made by are welding. 


All edges of Boral Plate are clad. The center | 


bar is tapped to receive the threaded rod. 





Storage Cells for Fresh Fuel 
Cells are usually used in assemblies of | 
several fuel units, encased in aluminum or | 
stainless steel cylinders. The Boral shapes | 
should have corner radii of 34"; length can | 
be up to 12 feet. 





Water-cooled Boral-lined Case 
for Spent Fuel Elements 
This Boral-lined aluminum case with egg- 
crate type separators for the transportation 
and storage of spent fuel units, is assembled 
from Boral Plate by arc welding. 


Typical and Potential Applications 


Reactor shields, neutron curtains, shutters | 
for thermal curtains, safety rods, storage 


and shipping containers for fissionable | 
material, fabricated boxes for radiation- 
sensitive devices, protective shields for 


easily activated components. 


Brooks & Perkins, the first commercial producer of 
Boral, invites you to send for technical 
data and literature. 60-T-11 


BROOKS & PERKINS, INC. 
1926 W. FORT STREET + DETROIT 16, MICHIGAN 


Offices in Washington and New York 
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| SUBCRITICAL UNIT is designed to provide physics data for heavy-water-moderated power- 
| reactor designs having high moderator temperatures 


Pressurized Subcritical Facility 


By E, J. HENNELLY, Savannah River 


BE. I. du Pont de 


Vemours and Company 


Laborator j 


Like? 


South ¢ na 

In a survey of heavy-water-moder- terms of the Sk at room temperature 
ated power reactors which du Pont is 
performing for the AEC, some designs Pressure Vessel 
require high moderator temperatures The pressure vessel is rated at 300 
Because there is little physics data for psig. The tank wall is ie7ln. Carbon 
this reactor type, Savannah River Labo- — steel with 4; ,-in. stainless-steel interior 
ratory has installed a pressurized sub- cladding. The internal diameter is 
| critical experimental facility (PSE). 5'5 ft, and the overall height, ~ 1314 ft 

The PSE (see illustration) has a self- The bottom of the vessel is hemi 
pressurizing tank that is heated to spherical. The elliptical top head 
215° C by steam coils. Neutrons are fastened by sixty |!9-in.-diameter bolts 
supplied by five retractable Sb-Be through 6-in. flanges. Asbestos gus 
sources (see article on p. 124 for charac- kets are used on all flanges. A 30-mil 
teristics of these sources). The facility cadmium sheet is wrapped around thi 
is in a room that also houses an unpres- vertical! exterior of the vessel and a 
surized subcritical experiment (SE) |.25-in. layer of MgO insulation covers 
Thus the PSE can be ealibrated in the entire tank except at the flanges 
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About 400 ft of 2-in. stainless-steel 
piping, coiled in three sections on the 
interio! ill of the vessel, heats the 
essel with steam or cools it with water. 


Sb-Be Neutron Sources 


lhe neutron sources are activated by 
g stainless-clad radio- 

ipsules into perma- 
inted beryllium cylinders 
The antimony is 
into lead-filled shielding casks 


The 


rate at the cask 


sonnel enter the room. 
il i | lose 
100 mr/hr 
the 


minimize 


Che irce ocations in source 


tubes re selected to har- 
monies in the neutron-flux distribution 
source is located in 


ther four are on 


MW) ce irt, about halfway be- 
edge of the 
} 5% 


radial sources. 


1 the 
I enter source 1s 
tr rthan al { the 
~ 10'* neutrons/sec 


with D.O, the 


follows a Jo 


When the tank hiled 
tripbution 

rimental accuracy 
0 DO t! plane of the upper 
ratio ol 


is 10° at 


dmium 


v | 0.0600 n diameter 


Fuel Failure Detector 


\ perat na saletv review re- 


; + +} ‘ nlosion 


potential of 
possible hazard 
Ba e from the uncon- 
metal in 


thing failure A 


ranium 


therefore in- 

letection 
ry} , nsor is i Gow-Mae 
r bridge, which 


in thermal con- 
gas streams In 
stream 


ire one 


im from the PSE 


serve as a deute- 
Tests showed 

of detecting 

1) the gas stream 


t 1 ft®) tu 


Materials Selection 


lat iring neutron flux 
( st corrosion, be 
isonabdly unl- 
uc reso- 

tectors 
G ere used for long 


rradiat t nd tor mapping a 
Indium foils 
ion ”6~6«.. 


this 


+ rat 


ires 


eo e to tt above 


tem- 
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perature.* An In-Pb alloy containing 


20 w/o In was used in up to 215° C, 
These foils were 15 mils thick and '4 in. 
in diameter. A sintered mixture of 
15.7 w/o In,O; in aluminum was suit- 
able at high temperature when inserted 
vertical air-filled thimble in the 


PSE, but disintegrated to 


in a 
a powder 


in contact with water at 215° C. 
‘‘P-metal,”’ a commercial alloy con- 
taining 72 w/o Mn, 18 w/o Cu, 10 w/o 


‘ 


Ni, was used successfully in 215° ( 
water 

For short irradiations, only the Mn 
was activated appreciably; these foils 
were 5 mils thick and '¢ in. in diameter. 
Zr-U? 
section of PWR fuel element had satis- 


alloy foils made from a rolled 


factory corrosion resistance, but were 
nonuniform and required extensive 
calibration. They exhibited about the 
same activity as the P-metal foils. 


Cadmium covers withstood corrosion 
satisfactorily; thin, yellow film formed 
alter 
215° C, but this was not troublesome. 

A 2-mil Teflon tape (Temp-R-Tape- 
attach the foils to 


This material also 


several exposures to water at 


C) was used to 
aluminum holders. 
seals a foil against water at 215° C for 
an experiment lasting about | hr. It 
is thin enough to have negligible effect 
on foil activation. Thin aluminum foil 
is used for longer exposures or when 
water exclusion is not a requirement. 

Aluminum alloys and stainless steel 
are used as structural materials 
Aluminum is used for foil holders and 
in regions low ab- 


requiring neutron 


sorption. Permanent fixtures are 


stainless. However, the stainless steel 
in the vapor space of the PSE, most of 
which is work-hardened, has corroded 
It is believed that the steam leaches 
chloride ions from the asbestos gaskets 
and these ions catalyze the steel corro- 


sion The stainless sheaths on the 
thermocouples became so brittle that 
they broke. A metallic gasketing 


material is being considered as a re- 
plac ement The corrosion on the walls 
of the vessel that surround the 


Vapor 


space 1s widespread but not serious: no 


corrosion is visible on the walls that 
contain the liquid phase 
. * * 

This article is based or ork wrformed 
nder contract AT(07-2)-1 th the l 8. 
fiomic Ene gu Commissior 

* Indium and Pb-In foils made by Indium 
Corp. of America, Utica, N. ¥ sintered 
In2O:-Al foils by Sintercast Corp. of Amer- 
ica, Yonkers, N. Y.; P-metal by Metals and 
Controls Corp., Attleboro, Mass.: Ts mp-R- 


Tape-( ; 
New 


by Connecticut Hard Rubber Co 


Haven, Conn 





A New Multiplier 
Phototube for 
High Temperature 
CGperation 


Type 9607B. This 2” diam. soda glass 
tube has been designed to work over 
a wide range of temperatures with very 
low dark current, making it suitable for 
such applications as bore hole logging. 
It can operate quite happily at 150 
Centigrade. The end window semi- 
transparent photocathode is of the 
multi-alkali type, and the 11-stage 
Venetian blind dynodes are coated 
with Ag Mg 0 secondary emitting 
material. 





TYPICAL CHARACTERISTICS 





Overall sensitivity. 25 A/L at 3000 volts. 
Dark current at 150° C. 5 x 10 * A approx. 

Cathode diam. 44 mm. min. 
Bulb diam. 51.5 mm. max. 


Overall length. 155 mm. max. 











EMI ELECTRONICS LTD 
VALVE DIVISION 
HAYES + MIDDLESEX - ENGLAND 


Distributors in U.S. 
Hoffman Electron Tube Corporation 
804 Salisbury Park Drive 
Westbury L./. New York 
Te!: EDgewood 353-6650 


EEIS4 
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QUALITY WITHOUT COMPROMISE. — NPR Uses Carbon Steel 


Perfor ) 
: mance By H. R. KOSMATA, General Electric Company Hanfo d Atomic Products 
F ex/bility Operation, Richland, Washinator 
Reliability 




















The New Production Reactor at for the nuclear industry 

Hanford w be the first full-scale, First nuclear power plants. Subse 
vater-cooled reactor to use carbon quent water-cooled reactors were pri- 
mild) steel for out-ol-pile sections ol maruy Navy power plants using en 
the primary-coolant loop. The deci- —riched-uranium fuel and stainless steel 
sion to use carbon steel was based o1 and zirconium alloys as in-pile mate- 
an evaiuation program that indicated rials This might have allowed changes 
a) Carbon-steel corrosion and decon- in out-of-pile materials; however, high 
taminabilit ire acceptable; the pri- reliability and short schedule dictated 
mary risks are the chance of poor the use of ‘‘ proven”’ stainless steel 

operational control or accidental dam- The Navy instigated, however, a 
age during decontamination b) Re- development program at Bettis and 
placing stainless with carbon steel Arco in conjunction with their S1W 
is saving ~$10-million. The present Nautilus prototype) and AIW (ai 








estimated NPR cost is $145-million 


alt carrier) projects The objective 






was to obtain data that might indicat 






Early Use of Stainless 





the technical feasibility of using carbon 










Since the carbon and stainless steel steel asa primary-loop material. Their 

prices are well known, one might ask goals were cost reduction, conservation 

e why this substitution was not made of essential materials (nickel) and 

= , ' 

° sooner—why was stainless necessary at simplified procurement. Further 

© —_ = all in water-cooled systems? there had been indications of stress 
; = Production reactors. The first (and cracking in stainless systems 

i : current) Hanford reactors were cooled During this period (753 to ’56), the 

by treated river water on a once- mrst civilian nuclear powel plant 






through basis with discharge to the Shippingport) was built. It too em . 






r. The natural-uranium fuel made ployed stainless steel for the loop 





Se 
rv 
= 
CS) 
—4 





neutron economy paramount. For material, primarily because the sched 
















; this reason aluminum was used for both ile did not allow the designers to wait 
- > 2 m ° 
; ue process tubes and fuel cladding, anc or results from the experimental! 
. LL f vu water chemistry was oriented toward programs 


i minimum aluminum corrosion The H Seinih ti ‘als P 
VEECO’s MS-9 leak test stations are | water pH required was ~7, which is onror aterials rogram 









used to pressure, vacuum and inside | fairly corrosive to carbon steel. Ther Meanwhile, dual-purpose reactor sys 
out test hermetically sealed units. The | for the material used for much of the tems were being studied at Hanford 
helium mass spectrometer permits | 0Ut-0!-pil ‘piping was 18-8 stainless Che operating temperatures for such 
sealed objects to be certified leak proof | “#vannah River also resolved the systems were beyond those at which 
aia sensitivity of 10°10 std. cc/sec. incompatibility of carbon steel and aluminum could be used but, with en 

iuminum D using stainless steel riched fuel available and economically 






VEECO manufactures a complete 
line of high vacuum equipment... piants, it ma explain why stainless tubes could be steel or zirconium al 
Components, Leak Detectors, Evapo- steel became the standard”’ material loys With water chemistry no longer 
rators, Systems...accepted as the 
quality line for over a decade. -————— $$ $$ — 

Automatically or | 
manually operated. 
For MS-9 Brochure 
or Complete Catalog 
write Dept. 86U 


since these 





the first major nucleal feasible, the fuel cladding and process 







The New Production Reactor 







Previous Hanford production reactors have had one-pass primary coolant 






systems with the water discharged to the river The NPR employs a recircu- 
g ploy 






lating prim 


ry coolant operating at temperatures and pressures suitable for 





| power production In the event that the need for weapons plutonium should | 
| 





end, the reactor could be converted to power-only operation 






In the first operational stage, virtually all of the reactor heat will be dissipated 





+ 






o the river For power, steam would go to turbines 







Because this reactor is “convertible” from solely plutonium production to 






byproduct electrical production, the design level of the primary loop is 600° F 


| For this reason, in-pile materials (process tubes and fuel cladding) will be e 
VACUUM-ELECTRONICS CORP. | zirconium alloys This means the water chemistry can be maintained at 













Terminal Drive + Plainview, L. |. N. ¥- high pH levels Since this reactor requires large quantity of high-pressure | 
| piping }.5-million pounds), the cost incentive was very higt | 
HIGH VACUUM & LEAK DETECTION EQUIPMENT 
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When things come 
hot and heavy... 


...your hot cell requirements have 
outgrown standard manipulator capa- 
bilities. To meet your needs, AMF 
Atomics offers this new Heavy Duty 
Manipulator that retains the deft, in- 
stantaneous touch of the Standard 
Model 8, but has up to five times 
greater operational capacity. The re- 
sult is a dual-purpose instrument fit- 
ting both “pilot production” as well as 
strictly “laboratory” classifications. It 
offers a variety of new capabilities and 
operates with greatly reduced shut- 
down time and minimum maintenance 
expense. 

While new materials and rede- 
signed components and assemblies 
produce the Heavy Duty’s versatility 
and extra performance, basic instal- 
lation dimensions of the Standard 
Model have been maintained. Conver- 
sion is possible without modifying ex- 
isting hot cell dimensions. Where the 
Standard Model meets present needs 
but where future requirements are 
uncertain, AMF Atomics offers a par- 
tial Heavy Duty model convertible to 
full Heavy Duty with few components 
and without field assistance. 

As for maintenance and repair, the 
ruggedness of the Heavy Duty assures 
a minimum of both. Present mainte- 
nance facilities will suffice. A com- 
plete spare parts catalog is provided 
for fast spare parts replacement. 
Trained AMF field technicians are al- 
ways available should the need arise. 


AMF Atomics across the board 


AMF Atomics’ performance record 
qualifies it as the world’s leader in de- 
sign and construction of research and 
training reactors. It has utilized 
AMF’s vast engineering and mechan- 
ical skills in a wide range of reactor 
components and auxiliary equipment 
including reactor servicing equip- 
ment, control rod drive assemblies and 
manipulators. 


AMF ATOMICS 


A Division of 
American Machine & Foundry Company 
261 Madison Avenue, New York 16, N. Y. 


., across the world 








if you use 


stainless steel plate 








this new booklet 


on Carlson services 





in stainless steel 
gives you 
worthwhile facts! 








HIS new Carlson Booklet, “Pro- 

ducing Stainless Steels... 
Exclusively,”” documents a unique, 
specialized service. Fully illustrated, 
it includes detailed sections on 
stainless steel plates, heads, forgings, 
special shapes, and other stainless 
products manufactured by Carlson. 


MAIL THIS COUPON... 


for your personal copy of 
the new Carlson Booklet. 


© 


1 would iike a copy of the new Carlson Booklet. 





G. O. CARLSON, INC. 
138 Marshallton Road 
THORNDALE, PENNSYLVANIA 
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MATERIAL SELECTION for NPR primary coolant loop. 


Reactor heat will initially be 


“dumped” into river, but steam can eventually be diverted to turbines 


dictated by aluminum, it became pos- 
sible to consider other than stainless 
steels for the out-of-pile primary-loop. 
An extensive program was initiated 
at Hanford to investigate the out-of- 
pile materials. The primary tools in 
this program were four loops in one of 
the newer production reactors, each 
having zirconium-alloy process tubes 
and one having carbon steel and three, 
stainless-steel out-of-pile piping. 


Major problem areas. It was 
time to consider a long-unanswered 
question: Why are the material re- 


quirements of nuclear power plants 
different 


steam power plants, which have always 


from those of conventional 
used carbon steel successfully? 

Two basic differences between these 
systems have caused nuclear designers 
to hesitate: (1 
plant strives to eliminate oxygen, the 
due to 


where the conventional 


nuclear plant generates it 
radiolytic breakdown of the water; and 
2) activation of corrosion products in a 
nuclear plant results in general radio 
activity of the entire coolant system. 
This means greatly increased mainte- 


decon- 


nance costs unless chemical 
tamination can reduce the system 
activity to feasible working levels. 


Here lies the significance of the second 
difference—decontamination means an 


occasional intentional corrosion of the 


pipe walls. Prior to test-loop oper- 
ation, the magnitude of these problems 
was not known 

Oxygen generation. The Navy 


program maae good progress 1n estab- 
lishing optimum water conditions and 
in investigating the magnitude of the 
They 
mended a pH of ~10 and the addition 
of about 30 cm®* free hydrogen per liter. 
They found that much of the oxygen 


free-oxygen problem. recom- 


formed radiolytically in the core 
rapidly recombined once out of the 
active zone, and, in fact, residual 


gamma activity accelerated this recom- 
bination. The excess hydrogen tended 
to decrease further the remaining oxy- 
(Subsequent operating 
the Hanford 
loop has shown that simple degasifi- 


gen. 


ence 


experl- 
with carbon-steel 
cation, such as a pressurizer bleed, may 
be adequate to maintain oxygen below 
problem levels 

Chemical decontamination. The 
Navy program also gathered data re- 
lating to the activity levels in a loop 
their 

Their 
clouded, however, since their test loop 
(S1W) is 


exchanger in an 


operated with recommended 


water chemistry results were 


actually a carbon-steel heat 
otherwise stainless- 
steel loop 

Although the stainless corrosion rate 
is considerably lower than that of car- 
bon steel, some of the corrosion prod- 
ucts produce very long-lived radio- 
notably Co*® Data 
the Hanford loops indicate the activity 
level from an 
may in tact 
that of a 


however, 


isotopes irom 


all-carbon-steel system 
be somewhat lower than 
stainless-steel system It 


appears, that it would be 


economically advisable and in som 


cases necessary to decontaminate sys 
tems of either material. 

tadioactive contamination in a nu- 
piping 
Irom particles that are dissolved or sus- 


clear system comes primarily 


ania ta Us etalon a6’ ieell on 
posited in the pipe-wall corrosion film 
Ordinarily methods can be devised to 
prevent this activity level from becom 
ing a serious operational problem it 
appears, however, that some mainte- 
nance requirements would be extreme) 
can be reduced 


costly unless activity 


The coolant activity can of course br 


eliminated before maintenance by 
draining or flushing, but the deposited 
requires more elaborate 


Most ol the 
Continued on p. 111 


activity pro 


cedures pipe-wall ac- 
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Stainless “pie'— 


e - 
Angle AAwWt*ng 
itor of process equipment, knew 
responsibility for filling this 
e hands of a single producer— 
He knew that our specialists, working 
would make each item of the 
And he also knew that our 
ist that we fulfill. 
orders—of stainless steel plate 
come to Carlson. Here skilled 
nest equipment, are determined 
sh 


4 O.GEVRESOM Ze 
Producers % StainGss Steel 


138 Marshallton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


PLATES «+ PLATE PRODUCTS «+ HEADS «+ RINGS «+ CIRCLES 
BARS AND SHEETS (No. 1 Finish) 











FLANGES 








THIS 
IS THE | 
MECATORN 


Powenspunr 
MAIN 


¢ Torngren engineers were called in by a large 
prime equipment producer to fabricate a seal 
weld membrane. Using the Mecatorn” Power- 


spun process, they delivered three acceptable 
parts in TWO MONTHS. 


e Previous Method: Two semicircles of seamless 
tubing — two butt welds forming circle. 


e TORNGREN SOLUTION: One 72” dia. blank 
eliminating welds — Mecatorn” Powerspun to 
specified configuration — diameters trimmed — 
light sizing after stress relieving removed any 
distortion with no harmful stress reoccurring. 


e Another Mecatorn’ exclusive — tremendous 


plastic deformation brings undetected indica- 


tions to surface — pieces are rejected at this 
point. Completed parts reveal no other indica- 
tions when checked by X-ray. 


¢ Your firm’s metal forming problems may also 
be solved through the Mecatorn’ Powerspun 
process. The C. W. Torngren Co. is now geared 
to the production of valve and pump seals in 
any size in accordance with all applicable speci- 
fications. Call today for a no obligation engineer- 
ing consultation. 


* Send for C. W. Torngren’s latest bro- 
chure illustrating Mecatorn’ advances 
in all fields. 


C. W. TORNGREN 


COMPANY, INC. 
236 PEARL STREET, SOMERVILLE 45, MASSACHUSETTS 
MO 6-3250 











NUCLIDE ANALYSIS ASSOCIATES 


KS ls an entity founded by university 
Vad mass spectroscopists as a means of 
a making available their pooled 










MASS 
SPECTROSCOPES 


MASS 
SPECTROSCOPIC 
ANALYSIS 
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BOX 752 
STATE COLLEGE 
PENNSYLVANIA 

U.S.A 


experience. N.A.A. is 
engaged in the de 
sign and fabrica- 
tion of custom mass 
spectrometers and 
mass spectrographs 
and in_ spectro 
graphic analysis 


INSTRUMENTS IN PRODUC 

TION INCLUDE CUSTOM 

UNITS FOR 

@ REACTOR APPLICATIONS 

@® HIGH TEMPERATURE 
CHEMISTRY 

® CHEMICAL ANALYSIS OF 
SOLIDS 

@ ISOTOPIC ANALYSIS 

® GEOLOGICAL AGE DE 
TERMINATION 

@ MICROTRACE ANALYSIS 


A VARIETY OF SPECIAL 
COMPONENTS ARE AVAIL 
ABLE INCLUDING 
@® ELECTRON MULTIPLIERS 
® ION GAUGE CONTROLS 
© SPECTROMETER MAGNETS 
® MAGNET REGULATORS 
® MS ANALYZER TUBES 
@® VACUUM LOCKS 
@® HIGH VOLTAGE 
POWER SUPPLIES 
@ SPECIAL VAC M 
VALVES 
@ OTHER SPECTROMETER 
MPONENTS 








ORDER NOW 


price: $2.50 each 
3 for $7.00, 
6 for $13.00 


We pay all postage charges in 
the U.S.A. Canada and Foreign 
add $1.00 per order. SATISFAC- 
TION GUARANTEED OR YOUR 
MONEY BACK. 





magazine file 
for 
NUCLEONICS 
readers 


e@ Each file holds a 
full year’s copies. 


e@ Covered in durable, 
leather-like Kivar, 
title embossed in 16 
kt. gold. 


Order direct from: 

MAGAZINE FILE COMPANY 
520 FIFTH AVENUE 
NEW YORK 36, NEW YORK 


FREE DESCRIPTIVE FOLDER UPON REQUEST 
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tivity is removed by chemical dissolu 


, * tion of the corrosion film 
Considerable effort has been ex- 
pended at Hanford to find suitable de- 
contamination methods. Methods to 
i dissolve the stainless-steel corrosion 
film are necessarily harsh; however 
selectivit removal of the film with 
ittle attack on the base metal) is 
isual good The carbon-steel SVS- 
tems are easier to decontaminate al- 
though greater ire must be taken to 
ent excessive base-metal corrosion 


I eigh the merits of the two sys- 
tems for NPR, an evaluation program 
vas launched in late 195S based on the 
lata previou entioned and supple- 

ntary stu 


Uniform corrosion. It was con- 


ided that unifor orrosion of carbon 
teel in opt in iter conditions will 
be about 0.12 1 I The uniform 
ute preceded by a more rapid initial 
rate t the tota nitial corrosion 
ut 0.03 n which is of 

ttle porta inless this prelimi- 
tiated many times 

stem An undis- 

turbed te vould have a_ total 
inifor rr n of 3-5 mils over 25 


Nonuniform corrosion. The most 

niform corrosion in 

e - irl ter system is pitting It 
ted for by any 

reasonable OrTrosiol uiowance how- 

nore nted in conventional 


ng very low oxygen 


Sines t ess ste exhibits 
tre rack g in the presence 
y ind trace quantities ol 
1 ther system must be main- 

t | t ren-free 
rests indicate stress, crevice OF 
ist rosiol the carbon-steel 
te the pt il Vater at oper- 
iting ts peratul Chere Was no evi- 


at velocities 


Decontamination Vecontamina- 
‘ . ethade t} ti ( been de veloped 
{ tv ol a contam)- 

— ” ill to an acceptable level 
+ rrosion losses of 0.05—0.2 mil of 


Ss t tion exposes bare 
. e 
ta the unis Oorrosion Ol a pipe 
sted by both the 
ition sand an additional 
e é ~0.03 nit rrosion Over 25 
t} tl lecontamination and 
issu g (), 2-1 nite rm loss per cycle 
the tot rrosit ould be about 80 
For frequent cycles, the! 
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COMPACT 
LIGHTWEIGHT 
EASY TO INSTALL 


SPACESAVER 
Stainless Steel Valves 


Here is a stainless steel tubing valve—precision 
made yet rugged—which gives you improved per- 
formance plus savings in space, time and money. 
The SpaceSaver is more compact and lighter in 
weight than any other valve of comparable tubing 
size and pressure rating. Although capable of hand- 
ling gases and liquids at 12,000 p.s.i., these valves 
are priced for practical use at all lower pressures. 
Full port openings—with minimum pressure drop 
through the valve—are a major advantage. And 
installation is quick and easy—no threading, swag- 
ing, flaring, welding or special tools are required. 

AE SpaceSaver Valves are of 316 s.s. construc- 
tion and are available for 144%” O.D., 14” O.D., 34" 
O.D. or 4" O.D. tubing. 

Bulletin 257 gives complete information—yours 
for the asking. 


AUTOCLAVE ENGINEERS, INC, 
2934 West 22nd Street + Erie, Pa. 
Designers and Builders of High Pressure-High Temperature Equipment including: Valves ® 


Fittings * Stirred Autoclaves * Reactors * Pumps * Compressors * Complete High 
Pressure Package Systems including Instrumentation and Controls. 
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Combination Center Table and 
Fume Hood Assembly CF2000 
(illustrated) affords complete lab- 
oratory facilities in one compact 
unit. Write today for full specifi- 
cations, 


LABORATORY FURNITURE & EQUIPMENT 


Manufacturers and Designers of a Complete Line of Superior Quality 


© TABLES © CABINETS ® RADIO & CHEMICAL 


© CASES © FUME HOODS \ 


Swans \ 


> 
S 
“#05 vans © \ 


dene oo = \ 





” poe Sea, 


Specialists in the design and manufacture of laboratory 
furniture and equipment, Duralab's Standard, Sectional 
and Custom Built units are: Fireproof, Waterproof, Cor- 
resion Resistant. 

A.I.A. File No. 35-E 


DURALAB : EQUIPMENT CORP. For Catalog D5 iliustrat- 
989 Linwood St., Brooklyn, N. Y ing our complete line of 


Laboratory Furniture and 
Equipment, write today 














Two Stage—Large Capacity—High Vacuum 


WELCH DUO-SEAL, VACUUM PUMP 
with VENTED-EXHAUST 


PATENT 2,885,143 
* Reduces pumpdown time 
* Vented Exhaust Permits Pump- 
ing of Most Condensable Va- 






* Eliminates Use of Traps 
or Oil Separators 
* Reduces Oil Changes 
Required 


GUARANTEED VACUUM 


Vent closed, 0.1 micron 

When the vent is open, only 
slightly higher ultimate pressures 
result—wusually in the range of 


micron 
NO. 1402-8 FREE AIR CAPACITY 
PAT. NO. 7 337,849 140 liters /minute 
af (5 cubic feet) 
1402B. DUO-SEAL VACUUM PUMP 1402D DUO-SEAI VACUUM PUMP 
Motor Driven. For 115 Volts, 60 Motor Driven. For 115 Volts, D.C 
Cycles, A.C. Each, $310.00 Each, $416.50 
For attached Belt Guard, add $17.50 
1402C. DUO-SEAL VACUUM PUMP to above price 
Motor Driven For 230 Volts, 60 1402 DUO-SEAI VACUUM PUMP, 
Cycles, A.C, Each, $310.00 Unmounted. With pulley, but without 
mot belt, or base Each, $240.00 


THE WELCH SCIENTIFIC COMPANY 


= —__—_— ESTABLISHED 1880 











IL 1515 Sedgwick Street, Dept. NU, Chicago 10, Illinois, U. S. A. 
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total would drop appreciably 
There is not yet sufficient data to 
predict exactly the length of this cycle 
Preliminary results from the Hanford 
loops indicate some portions could get 
by for several months. To be on the 
safe side, 125 mils is being allowed for 
the basic primary loop. Of course, this 
would be impossible for heat exchange! 
tubes but smaller allowances (20-30 
mils) would probably be reasonable for 
the decontamination cycle of these 
units: and, due to higher thermal con- 
ductivity, this would still allow heat 
transler equivalent to thinner stainless 
steel tubes. Further data from. the 
loops may show this approach to be 
feasible, but the exchangers wert 
leritical schedule items, and it was 
necessary to make a decision  be- 
fore these data were available. Even 
though it meant accepting problems 
associated with a mixed system, the 
final decision was to procure thi 
exchangers with stainless-steel tubes 
and tube-sheet clad in an otherwise 
carbon-steel unit. This is only 300,000 
lb of steel (about 8°, of the primary 
| loop but it meant foregoing savings 
| of $0.75-1.5-muillion 
Uranium oxide and fission products 
resulting from a ruptured fuel element 
present another decontamination prob- 
lem Progress appears to be satis- 
factory in the investigation of methods 


| for dissolution of these contaminants 
Water treatment system. Although 
the corrosion rate of carbon steel 1s 
10-40 times that of stainless steel, the 
carbon-steel loop has shown equal or 
less activity than the stainless loops 
Further, there has been littie tendency 
lin high-pH systems for the solids to 
foul heat-transfer surfaces as was once 
feared The use of carbon steel in 
|} the NPR does not appreciably increas 
the size of the water-treatment plant 
|since it is determined by startup and 
abnormal makeup conditions rather 


than normal operating requirements 


Final NPR Decision 


It was finally decided that th ost 
incentive outweighed any foreseeable 
;} operational problems The direct 
benefit will be the reduced cost of mili- 


tary plutonium Also, this appears to 
be one of the gratifying occasions when 
advancement in military and civilian 
applications go hand in hand, for the 
prototypical operating conditions of 
the MTR mean the direct application 
| of this technology to power reactors 

| and the potential for cost savings is 


significant 
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SENIOR POSITIONS 


in areas of 


reader 
physics 


fuel a 
analysis 


The Atomic Energy Division of The Babcock & 
Wilcox Company has, in addition to the areas 
mentioned above, positions available, at the 
senior level, in the fields of theoretical and ex- 
perimental physics, engineering and metallurgy, 
and irradiation effects. 

You will work with a highly experienced staff 
and a complete complex of nuclear facilities in- 
cluding a complete critical experiment labora- 
tory, research reactor, high speed computers and 
an engineering prototype development facility. 

The Atomic Energy Division of The Babcock 
& Wilcox Company offers a challenging profes- 
sional opportunity plus pleasant suburban living. 


Please send resume or request for informa- 


t10n to: 
W. F. Porter, Personnel Manager 
The Babcock & Wilcox Company 
Atomic Energy Division 
1201 Kemper Street 
Lynchburg, Va. 
See Page 1 


for description 
of one phase of B& W's 
nuclear activities 






> 
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PE-5-AE 


THE BABCOCK & WILCOX COMPANY 
ATOMIC ENERGY DIVISION 


Complete nuclear systems, cores, components, 
fuel elements, nuclear research and development 
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ULTRASONIC 
FIRST... 





Tube scanner for 
VIDIGAGE® thickness 
gaging without contact. 


Thickness gaging by means of the ultrasonic resonance 
technique can now be accomplished by immersion with- 
out contact. This is extremely advantageous because: 


e it eliminates transducer wear 


@ maintains uniform coupling of energy between trans- 
ducer and work surface (this in turn makes the test 
more reliable!) 


e avoids possible damage to work surface caused by 
transducer contact 


e substantially increases inspection speeds 


When the water column is of sufficient length the 
VIDIGAGE® does not respond to the water resonances. 
As a result the resonance thickness of the work piece 
can be detected by itself on the VIDIGAGE screen. 


In order to take full advantage of this immersion system, 
the VIDIGAGE had to be modified. The modified 
VIDIGAGE then surpassed all expectations, especially 
in the gaging of small diameter, high accuracy tubing. 


This development is another in the long line of 
BRANSON engineering break-throughs, which enables 
industry to solve its problems by means of ultrasonic 
testing. The next time you have a testing problem cail 
BRANSON and see how fast BRANSON will find the best 
solution in the shortest possible time. 





RANSON #/\) \/ 
INSTRUMENTS, INC. 


Uitrasonic Test Division 
14Brown House Road, Stamford, Conn. 
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VITREOSIL 


PURE FUSED QUARTZ 


FOR USE IN PRODUCTION OF 
SEMI-CONDUCTOR METALS... 
Where you produce such metals as germa- 
nium and silicon, VITREOSIL is ideal for use 
For special requirements or special prob- 
lems, write us your requirements. Now avail- 
able Quartz to metal seals. See our ad in 
Chemical Engineering, Electronic Engineers 
Master & Electronic Designers’ Catalogues. 


SPECTROSIL 


FOR HYPER-PURITY IN 
SEMI-CONDUCTOR WORK 


Unique Transmission characteristics 
PURITY — purest form of fused silica 
TRANSPARENCY — unique optical properties 
HOMOGENEITY — completely homogeneous 
and free from granularity 
AVAILABILITY — block material for lenses, 
prisms, etc; rod, fiber, wool; hollow 
ware as tubing, crucibles, and special 
apparatus. 
Write for complete illustrated catalog. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 
Dover, N. J 


18-20 Salem St 








Neutron Threshold Reactions— 


An Intercomparison 


By C. E. MELLISH, /sotope Research Div 


\ imber! ! fast-neutron reactions 
S P occur in fission 
tors al be important in thei 
sign al eration. The experi- 
nta gned to the cross 
sctions WU the 
ol a@ given reactor 
t ll rtainty for at 
leact ¢] 
eT} that thie ist 
; t} ' tor usé 
tl isurement 1s 
true trun 
e The ur rtainty that measurements 
I t« be valid 
t t-neutron spectrun 
' n fact, differ from the 
hiss the! tis reasonable 
to suspect that ditional differences 
t ty t or different 
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posit rar resent 
ee] i i ig redete 
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t} ti hich othe 
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ore agreement 
g this field, in different 
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portant eactions 
it this Dasis As a result 
that the uncertainties 
irce of difficulty in 
ng t t of the elds ol 


obtainir esults 


Ing | 


ite agreement with those 


rent reactors 


Comparison of Results 


Table 2 give ome of the published 
lata n thi reaction Cross ge¢ 
tions TI riterion for inclusion 


1k. RL! 
this table is that 
! been in tl 
t authors Vii 
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TABLE 2 Published Fast-Neutron-Reaction Cross Sections (10-* barns 








W here Reference 
{uthor S*(n,p)P% P3(n,p)Si3! Al? (n,a)Na** Ni8(n,p)Co® Fe®4(n,p)Mn** Fe'*(n,p)Mn** measured cross section 
Hughes (/ 30 19 0.6 Unpubl. Ar- §8#*(n,p)P* = 
gonne 1946 30 mb (M)ft 
Mellish (1 0) 0.24* 15 2% 0.44 BEPO, §$**(n,p)P3? = 
Harwell 30 mb (A)t 
Richmond (1 60 31 0.6 BEPO, Fast fission of 
Harwell U*** = 304mb (M)t 
Robinson (1 30) t 225 Oak Ridge S*2(n,p)P? = 
30 mb (A)t 
Rochlin (1 0 6)t 140 56 Brookhaven  Al?"(n,a)Na** = 
facility N-5 0.6 mb (A)t 
Re 30) t 0.29* 51 0.49 NRX §*3(n,p)P3? = 
30 mb (A)f 
Saeland (/ 21 (19) 0.44 Kjeller reac- P*!(n,p)Si*! = 
tor, center 19 mb (A)t 
Sohumann and 40 15 Brookhaven See text 
Mewherter(/ ‘normal pile flux’ 
Passell and 65) 0.6 9] 54 0.82 EBR-1, cen- 8**(n,p)P* = 
Heatt ter 65 mb (A)t 
Caleulated t 32 0 5-0.8 0.92 
Mellist 
Ca ted 65 30 0.59 0.95 
. ‘ ed. tM measured. {A = assumed 
alues determined absolutely own results, which were referred to a Conclusions 
this iy agree well in relative value of 0.6 mb for the reaction : ‘ 
a tad ; Except for the results of Hughes, 
agnitude with the reactor-determined —Al?"(n,a@) Na? have been left un- , ; 
Saeland and Robinson, the results for 
Her I suggest that the cross changed because the results of most : ; 
the cross sections of these reactions 
tion of the S**(n.p)I reaction be of the other authors (adjusted to 4 
; ’ ate can be said to agree with each other; 
tablished ention as 60 mb 60 mb for the S** reaction) do give a ee 
‘ the standard deviation of the mean 
his figure cannot he far from the figure of about 0.6 mb for the Al’ : 2 . 
’ values is ~10% in each case (if the 
” alue Choice of 60 mb rather reaction. Schumann and Mewherter’s 
on is results of the three authors above are 
thar "ASS ind Heath’s value of results in Table 2 were based on the itted). C dant tl 
omitted). onsidering the assump- 
fj »ml ndicated only by the assumption that ‘the fission flux S ap 


inside a hollow uranium slug is equal 


tions made, and the uncertainties, the 





iKes wijustment neces- 
t] alu set by Richmond to the thermal flux immediately out- agreement is remarkably good. 
Roc side it.’’ This has been shown by the BIBLIOGRAPHY 
| Table 3 ittempt has been author to be equivalent in the Harwell 1. R. 8. Rochlin, nucuzontcs 17, No. 1, 54 (1959) 
t neile the values of Table 2. reactor BEPO to assuming a cross ~ 2. & Ew AERE, 658 
& r. O. Passell, R. L. Heath, To be published 
this bas Where an author has © section of 22.5 mb for the S*? reaction, J. A. Grundl, R. L. Henkel, B. L. Perkins, 
Phys. Rev. 109, 425 (1958) 
the S*? reaction, his results have and so these results have been multi- 5, 1. allen, Jr., et al, Phys. Rev. 107, 1363 (1957) 
‘ ted to give 60 mb as the cross plied by 60/22.5 for insertion into — D. M. Holm, Phys. Rev. 109, 2031 
tior f tl reaction tochlin’s Table 3 R. J. Howerton, UCRL 5226 (May, 1959) 
TABLE 3-—Corrected Fast-Reaction Cross Sections (10~* barns 
{uth S*2(n,p)P* P®\(n,p)Si** Al??(n,a)Na** Ni8(n,p)Co®* Fe'*(n,p)Mn** Fe**(n,p)Mn** 
C‘'aleulated (P and H 65 30 0.59 
(a ited (Mellist 60 32 05-08 
Vel 60 0.48 oO 16 0.88 
Rict | 60 +1 6 
Ro 0.6 140 56 
Roy 60 0.58 102 0.98 
Schumann and Mewherter 60 107 40 
ese nd Heat! 60 0.55 84 0.76 
Valves below not included in averages of Table | ~ olan : = an ao 
Hughe 60 38 1.2 
Rol 60 150 
Saela 60 6 1.25 
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Radiating Microspheres Offer Unusual Integrity 


If an engineer is to make practical 
use of alpha and beta particles, he 
must free the radiation while he con- 
fines the nuclide. Minnesota Mining 
and Manufacturing Co. 
answer to the old problem in its 
tiny ce- 


has an 


“radiating microspheres, 
ramic particles that are, for most 
practical purposes, chemically inert 
and physically indestructible. The 
table shows the maximum specific 
activities of several nuclides that 3M 
estimates it can put into micro- 
spheres. 

The spheres can be had in precise 
and uniform sizes from 10 to 100 
microns in diameter. their 
density is 4 gm/cm*, a maximum- 


(Since 


energy Sr® beta particle would have a 
maximum range of ~440 microns in 


Portable Co’’ Source 


the material; a Po?!® alpha particle 
would have a range of ~10 microns.) 
Soaking in tenth-normal hydrochloric 
acid for a week leaches out less than 
0.01% of their activity. 
they are spherical, they are unlikely 
to break under abuse, but even if they 
do, the radioactivity is still contained 


Because 


in the Feeding tests show 


that they are not metabolized; like 


pieces 
dimes in children they go right on 
through without becoming part of a 
biological system. 

3M is looking at many uses for its 
microspheres For example, the com- 
pany is producing static eliminators 
by putting Po?'® microspheres on a 
metal base with either organic or in- 
Gases and liquids 


organic binders 


are being irradiated in a chemical 
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DUKE UNIVERSITY TRAVELING IRRADIATOR makes twice-a-year trips between Durham 
campus and summer home at marine station on the coast. 
outdoors in summer, has inside berth for winter irradiations on campus. 
supplies all power and makes external supply unnecessary. 
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Interlocks assure safety 


Covered trailer sits safely 
Hand winch 


reactor containing a packing of heta- 
3M 


sphe res labeled with 


emitting microspheres. So far 
is selling only 
short-lived activities for uses as 
tracers and in medical diagnosis and 


therapy. 





Radionuclides in Microspheres 





Vaa specif 
activity 
Nuclide Half-life curies /qm 
Ba!#°-La'4 12.8d 10 
(Cg 137 Oy 10 
C'o* 5 Sy 5 
Po?! 138d 10 
sr? JRy IZ 
Duke University zoologists like to 


Durham, N. C., in 
at their Beaufort, 


in the summer 


irradiate things at 
the winter time 


5. © 


and 
marine station 
They do it single irradiator 


trailer so that it 


with a 
mounted on a can 
make the 


year, under convoy and surveillance by 
300 curies of Co*® travels 


175-mile journey twice a 


state police. 


in a 3,800-lb cask, which is securely 


plugged and interlocked 
permanently 


Source and shield are 


mounted in a 4-wheel enclosed trailet 
which is parked outdoors in summer at 
the marine laboratory and indoors in 
winter at the radiation lab As shown 


in the figure, operation consists of 
attaching a canister to one of two plugs 
lifting and rotating a channel iron that 


supports a plug at each end and drop- 


ping the iron once again so that the 
loaded plug is in the cask. A hand 
winch supplies all the power that is 
needed. 


minded a 
the 


To protect the absent 
plug- 


handling mechanism prevents closing 


mechanical interlock on 


the door of the trailer until the mecha- 


nism has been locked in its safe posi- 
tion The source is open only 30 se 
at a time, and during this time radia- 


tion levels at the winch do not exceed 
10 mr/hr, even under the concrete-slab 
roof of the wintertime home. Canis- 


ters are handled only with the source 


plugged. 
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Oxygen Isotopes 
for Tracer Work 


_The perversity of nature in pro- 
viding no useful radioactive oxygen 
isotopes for tracer studies has been 
partially offset by the Weizmann 
Institute of Science, Rehovoth, Israel 
which is offering oxygen enriched in 
stable O" and O18, 


O” is enriched up 
to 100 times its normal concentration | 
olf 0.042%, and O'* to 500 times its | 
normal 0.198%. Probably the more | 
| as a tracer is O': | 
since it is the only oxygen isotope with 
a nuclear spin, it is detectable by | 
nuclear magnetic resonance. , | 


useful one for use 


You can buy the enriched oxygen in 


The 


water is also highly enriched in deu- 


water, gas or labeled compounds. 


terium, but if this is an inconvenience 

you can have it reconstituted (“nen 
malized’’) to the natural abundance of | 
hydrogen additional 
charge. Prices range from $500 for a 
gram of water enriched to 3% O' to | 
$300 for 1,000 gm of water that aitee | 


tuins 1.5% O}'% 


isotopes for an 


The institute has a| 
“Stable lsotopes of Oxy- 
for those who need it. 


brochure 


AEC Releases Tritium for 
Watch-Dial Paint : 


Under a new AEC regulation the un- | 
licensed consumer can now buy his first 3 
AEC-controlled radioactivity. He will 
buy it in 








tritium-excited luminous | 
watch dials, which are now permitted 
to replace the product that has been | 


available for 


years, luminous 


dials 
excited by the penetrating gamma |} 
radiation of radium. The new tritium | 
dials promise both better performance | 
than their radium predecessors (NU, | 
Sept ; 

The paradox that one must wait for | 
permission to 


'd7, p. 192) and greater safety. 


use something safer| @ 
grows out of the fact that tritium, a a 
man-made falls under 
AR tadium, occurring 
naturally, does not Since the use of 


the Man- 
> 
hattan | roject, it has never been sub- 


radionuclide, 
jurisdiction 
radium developed before 
jected to safety standards as stringent 
as those applied to radionuclides that 
are regulated by the AEC. 

The new regulation permits not more | 
than 5 me of tritium per watch hand | 
and not more than 25 me per face. | Bd 
The man who applies the paint or | a 
imports luminous watches must still be 
Moreover he must satisfy | 
AEC that the luminous material | 


lic ensed. 


the 

















has been applied safely and that he has 


performed some stringent tests 


satisfactory results. 


with 
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Accelerators in Medical Science 

One of our standard acceler- 
ators (a model of which we've 
made about fifty units) turns 
out to be useful in an intriguing 
area of specialized research. 

The 3-Mev Van de Graaff is 
particularly suited to a broad 
research program in the life sci- 
ences. Since reactors can also be 
used for this work, you may wish 
to make some comparisons be- 
tween the two radiation sources 
in terms of versatility, complex- 
ity and cost. 

Briefly, here are some of the 
things people in the medical sci- 
ences would like to do: 

Produce short-lived radioac- 
tive isotopes; make activation 
analyses of trace components in 
living systems for metabolic 
studies; conduct neutron ther- 
apy research on small living 
systems; investigate nuclear 
chemistry with ion bombard- 
ment; study effects of micro- 
beams on living systems such as 
chromosomes and blood cells; 
improve techniques and stand- 
ards for neutron, x-ray and elec- 
tron dosimetry; train students 
in fundamental concepts of nu- 
clear radiations and their inter- 
actions with living matter. 

All of these can be done with 
our Model KN-3000 and with 
some degree of elegance. Elec- 

trons, ions, neutrons and x-rays 
are all available from this one 
machine, in controlled quality 
and quantity. 

An accelerator has other ad- 
vantages: it can be turned off 
at will; safeguards are straight- 
forward and not as subject to 
government regulation; parti- 
cles are of known energy and di- 
rection in continuous or pulsed 
beams; monoenergetic neutrons 
come from a point source ; sam- 
ple preparation for analysis is 
simpler; original and installed 
costs are considerably less than 
comparable reactor facilities. 

Biologists and_biophysicists 
are learning that the versatile ac- 
celerator can lead to increased 


knowledge about the biological 
and physical effects of radia- 
tion. If you are interested in re- 
search of this type, we invite 
your inquiry. 





Accelerator Conference 

The 2nd Accelerator Confer- 
ence held recently in Amster- 
dam was a rewarding occasion 
for High Voltage and its Dutch 
affiliate, High Voltage Engi- 
neering (Europa) N.V. Three 
hundred participants from 24 
countries joined in this exchange 
of information on accelerators 
and experimental techniques. 
There was some healthy give 
and take between the “ideal” 
machine described by the physi- 
cists and the “present state of 
the art” reported by our engi- 
neers. If there were no gap be- 
tween what is wanted and what 
is commercially available, most 
of us could pack up and go 
home. 

As things stand, High Voltage 
continues to push accelerator 
development to the limit and 
is glad to share this challenge 
with its insatiable customers in 
research. 

The Conference Proceedings 
were published in a January 
special issue of Nuclear Instru- 
ments and Methods. Check with 
your librarian, or write us for a 
complimentary copy. 


HicH VOLTAGE ENGINEERING 
CORPORATION 


BURLINGTON, MASSACHUSETTS, USA. 
APPLIED RADIATION CORPORATION 
e 
HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 
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Minor-Constituent Analysis with Neutron Activation 


By J. HOSTE, F, BOUTEN and F, ADAMS, Ghent UU nive rsity, Ghent, Be lgiun 


Neutron-activation analysis for 
minor constituents (0.001 %-1%) 
had relatively little attention as com- 
pared with neutron-activation analysis 
for trace constituents (< 0.001% 
With adequate precautions, however 
thermal-neutron activation is valuabl 
for elements present at the higher con- 
centrations in complex media. Spik- 
ing one of the irradiated samples wit! 
an internal standard provides a calibra- 
tion that takes care of such difficulties 
as nonuniformity of neutron flux and 
self-shielding. Such analysis competes 
favorably with other analyses in accu- 
racy, precision and speed. 

In classical analytical 
elaborate quantitative separations pro- 
duce unavoidable errors and are time 
consuming. With activation analysis 
quantitative separations are unneces- 
sary. In many cases separations can 
be avoided altogether with adequaté 
counting techniques. Thus the anal) 
sis becomes nondestructive. 

For minor-constitutent analysis two 
choices are possible: One can use macro- 
scopic samples with relatively 
(~107 n 


nas 


procedures 


small 
neutron cm?/sec 
which are getting increasing attention 
as they become available in compact 
size at moderate cost (J). In 
neutron fluxes (~10!? n/em?/sec) ir- 
radiation time can be reduced if speed 
is important, or with long irradiations 
sample size can be reduced to micro- 


sources 


large 


scopic or ultramicroscopic. 


Accuracy 

Few data are available about thé 
actual accuracy of trace analysis by 
activation as no ‘‘absolute”’ standards 
are available in this field. The accu- 
racy of the results with minor con- 
stituents, on the other hand, can _ be 
readily checked because analyzed sam- 
ples are available from different stand- 
ards institutes. 

With due consideration to possible 
errors from chemical manipulations, 
interfering nuclear reactions, etc., pre- 
cision is mainly limited by counting 
statistics. In determination of minor 
constituents these will usually be small 
since concentrations are several orders 


of magnitude larger than in trace 


inalysis. Thus an accuracy and pre- 
cision of the same order as with conven- 
tional chemical or instrumental meth- 
ods can be € xpected 

Inhomogeneity of neutron flux and 
self-shielding effects can still cause con- 
however (2) Thess 


siderable errors, 


errors can be avoided, to a large extent 


with an internal-standard procedure 


Internal Standards 


In activation analysis the content of 
1 sample is usually computed from the 
ratio of the activities of the sample and 
1 known amount of a standard, rather 
than from disintegration rate, activa- 
tion cross section and neutron flux 

The flux re 
ceived by sample and reference can still 


difference in neutron 


considerable errors however 
mainly to be attributed to 
self-shielding effects if absorption cross 
sections are substantially different, or 
to neutron flux irregularities between 


Cause 


which are 


Io correct for these effects one can 


use an internal standard (3, 4 Two 


quantities a and 6 of the sample ar 


irradiated, an additional amount c of 


the element X to be determined being 


homogeneously mixed with 6. The 
material subjected to analysis should 
contain at least one element Y which 
‘an also be activated and measured 


with good accuracy and independently 
from the radioactive species due to X. 
This is possibile the 
half-lives of the suffi- 


‘iently different that one can analyse 


il, for instance 


activities are 


the curve ofr if 


the 


composite decay 


emitted 


energies o! the gamma 


photons can be resolved with a gamma 
spectrometer 

Let 
the two irradiated samples 


ratio of the 


tivities in 
Then the 


activities in the two sam 


A and B represent a 


ples due to Y will be given by 
1(Y a 
a | 
BY h 





sample ind reference @ is a correction factor that compen 
TABLE 1—-Steel Constituents Activated by Thermal Neutrons 
Concentra Isotope 
Ele ym wr Natural Sensi- pro Hal} 
ent tee sotope twity* duced fe R m and energy (M 
\ 2.5 \ 1.5 \ }.7omM 2 1.46 
Cu 0.1 Cu* 0.68 Cu® >.1 m 2.f 1.59 1.04 
Co up to 45 Co*? 17 Co' 10.5m 0.058 
Mo seldom 2 Mo 0.019 Mo 14.6 m ony aude: Row 0.96, 0.191 
Mn 0.25-1.3 Mn 13 Mn** 2. 56h 2.86, 1.05, 0.75 1.77 
O82. 2.06 
N ip to 40 Ni®¢ 0.03 Ni 2.59 | 2.09 1.49, 1.12 
Cu 0.1 Cu 2 Oa Cu 12 9} etror apture 3 3 
1.34 
As 0.07 As 4.3 As 6.4} 0.4-2.98 0.55, 0.64 
| 1.4, 1.7, 2.05 
Mo seldom 2 Mo" 0.03 Mo 68 h 1.23, 0.45, 0.2 0.74, 
0.18, 0.14, 0.78, 0.367 
Cr up to 20 Cr 0.73 Cr 27 1 I tron capture 0.32 
Fe chief con Fess 0.0026 Fr 5 d 3~, 0.26, 0.46 th} a ee 
stituent U.10 
Ta 1.2 Ta!s 21 Ta's? 118 d 0.53, 1.1; y, 0.05-1.2 
Co ip to 45 Co*? 34 Co 5.2 3~, 0.309, 1.48 L.17, 1.33 
* Sensitivi product of isotopic abundance and cross sect 
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NUMEC to supply entire UO, powder requirement 
for Yankee Core II 

Quality products = Repeat business 

Westinghouse Electric Corporation has again come to NUMEC 
for fuel material for Yankee. After supplying 50% of Core | UO, 
powder, NUMEC has been selected to supply all UO, powder for 
Core II. This high quality material will be produced in NUMEC's 
new conversion plant under the best controlled and most effi- 
cient production techniques available today. 

NUMEC’S PRODUCTS AND SERVICES INCLUDE: .. . ceramic 
fuel materials and fabricated forms . . . moderating and control 
materials ... coated particles and parts... scrap recovery of 
unirradiated U and Pu materials ... radio isotope sources, in- 
cluding Pu: Be sources... analytical, metallurgical, research 
services ... special equipment for materials fabrication and 
research. 


NUMEC 


nuclear materials and equipment corporation 


apollo, pennsylvania, u.s.a. 
cable NUMEC « telephone GRover 2-8411 


The UO: pellets shown at the left illustrate some of the difficult fabrication 
problems NUMEC has solved. As sintered, density is 94%; diameter .356” + 
.002”; height .356” + .010”. Each pellet contains two thermocouple holes .032 
in diameter. The edge of the outer hole is .030” from the periphery of the pellet. 


Send for illustrated brochure describing these, and other, NUMEC products and services 
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Research Engineers 
and Scientists 


needed for continuing expansion 
in nuclear technology at 


Atomics International 


Heat Transfer and Fluid Mechanics. Both theoretical and 
experimental heat transfer research, fluid mechanics and 
hydraulics research, including hydro-dynamic performance 
of fuel elements, and investigation of convective and boiling 
heat transfer characteristics of reactor coolants. 

Reactor Analysis. Complete nuclear, thermal and structural 
analysis including criticality, flux and power distributions 
and fuel cycle analysis. 

Systems Analysis. Analysis and simulation of complete 
nuclear power plants to develop reliable, unattended, com- 
pletely automatic control and instrumentation systems, in- 
cluding reactor kinetics, dynamics, hazards and reliability 
analysis. 

Reactor Shielding. Experimental and analytical shielding 
techniques and materials development for both central sta- 
tion and compact power reactors. 

Reactor Operators. Engineers to install, operate, maintain 
and modify compact reactor power plants. Good knowledge 
of test instrumentation required. 


Reactor Power Plant Engineers. To assume full responsibil- 
ity for planning execution and analysis of test reactors and 
power plants leading to fully automatic, remote systems. 
Space Environmental Testing. Component development and 
space environmental testing of nuclear power plant compo- 
nents including high vacuum, vibration, shock, thermal and 
orientation testing. 

Process Development. Development of chemical processes 
for organic cooled and moderated reactors on bench and 
pilot plant scale. 

Radiation Effects. Analysis of radiation effects on organic 
and solid electronic materials, including experimental deter- 
mination of physical and thermal properties of organic fluids 
at elevated temperatures. 

Process Instrumentation Engineers. Thorough knowledge of 
process instrumentation and control systems. Background 
should include experience in chemical process plant, refin- 
ery, power plant or reactor instrumentation. 


For specific details write: C. C. Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, 
Canoga Park, California. 


ATOMICS INTERNATIONAL Al (T> 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


56164 





Activation Analysis 


This article starts on page 118 
sates for difference in neutron expo- 
sures including any effect of neutron 
shadowing 

In the unspiked sample (whicl ( 
are designating by the letters A and a) 
the specifie activity due to X (dps gm 
of X) will be g nb 

| h 

S(X aB(X 1(X 2 

a 
r} ercentag X present t 
mpl 
1(X 100 
x ; 
S(X 

I that tu 
tion bot ples is not me 

This internal-standard method in 

te ral use if homogeneous 

y ol the element under Investigation 

th th isib! I 
t pos I r, il Ul { 

ter is large 1 

b t ntl nal reg Nel 
s ung i ight tl ! 

| het samples alt y t 

t it 
ti t Y 


Activation a sis witl 





TABLE 2—Activation Analysis of NBS 
Steel No. 101d 


282 it) () wis { 
05 83 1 1 ‘) 
’ { ae. / ; ti ( 
Vo ] 1 ‘} 
x? 10 () O44 ) 

05.8 1.214 OU. <6 
19 36 17 86 1 RUG 1 O82 () 

2). 2 43° { t 
4. 10) () SO4 ‘) 

O5 8&3 l im 0 t 
; ‘ is ) (1) OLS { 
ZU .2 {) So ‘) 
28? 10 0.5 ( 

() os () O55 
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determination of vanadium (4) and 


tungsten (4) in high-alloy steels without 






chemical separation of these elements. Reocter core 


This method has also been applied to 


determination of manganese in high- 


] 


alloy steels and cast irons. Manganese 


irs as the single species Mn*° which 


Mn°©-to-Fe?9 Activity Ratio 
ro) 








Reflector 
gives rise, by an n,y reaction, to 2.56-hr = 
Mn ; 

No chemical separation is necessary . Reflecto 
since specie isurement of Mn°*® is . ies 
possible with a pulse-height analyzer 50 0 = ‘ 
set to count only photons with energies Cadmiur Ratio for Neutrons 








greater than 1.5 Mev. No photons 
wish enesey aseaker than this one FIG. 1. Fe’? COMPETITION with induced 
ae Mn°*® varies with cadmium ratio 
ndeed emitted by the other activated 
tee tituent Is apparent Irom 
Pal 
After complete decay of the Mn* can, a considerable variation in the 
the t t is computed from correction factor occurs; It varies Irom 
the tegral g ounting rate of the 0.5 to 1.5. 
long ed species for example, Fe** Results of analyses of other steel 
ind Co We made our irradiations standards are in Table 3, which gives 
the reflector of BR-1 (site 4) at a evidence that the method is applicable 
flux of 10° n-em* sec. Ir- — to widely varying steel types. 
radiations in the reactor core can indeed It is apparent that the standard 
give rise to considerable errors due to — deviations in these analyses compare 
in | \I ction induced by favorably with other instrumental 
t trol lr} Is apparent Irom methods of analysis, especially at small 
t} ig vhich shows the concentrations. 
Nii I tivity ratio as a function As I have already said, the internal- 
im rat Interference from standard technique cannot be applied 
( v) Mn®® reaction ap- if the element has large resonance peaks 
gible even in the reactor in the epithermal region, because in- 
creasing self-shielding occurs for the 
Results on a ries analyses of U.S added element only. This is true with 
Nat B of Standards steel antimony, for instance, as was pointed 
N 0) \In, 0.7399; Cu, 0.1847; out by Plumb and Lewis (2); an impor- 
Ni, 9.0 ( S.67 ' V, 0.0496 tant attenuation of the specific activity 
Mo, 0.110 ( 0.058 ‘ ire in of Sb!*? was observed with increasing 
Fable 2 sumple size; meanwhile the activity of 
Alt ig] es were irradiated the Sb!*4 isotope remained unaffected. 
standard aluminum Experiments showed that an antimony 
TABLE 3.- Magnesium in High Alloy Steels 
Certified Our Vo. of 
S f concentration measurement analyses 
BCS steel 266 PMA 
( | Na: 13:3 Al: 7.95¢ 0.27 + 0.012" 0.276 + 0.005 9 
( ri: 0 Fe: 49.7 
BCS steel 233 PMA 
( fo, ee N 9 Al: 6.08% Q 235 0.005 0.245 + 0.017 12 
Cu: 5.09% | 
NBS No. 155 
( 0.48 \\ Ni: 0.1 1.25 +0.015 
1.24 0.01 1.24 + 0.050 20 
NBS No. 101d 
Cr: 18.68 Ni: 9.05 0.739 0.004 0.746 + 0.021 16 
BCS cast iron 149 
S: 0.011 P: 0.010 0.023 + 0.0018 0.025 + 0.001 28 
S ompute from certificates 
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semiconductor nuclear 
particle detectors 





Never before have revolutionary 
devices such as these been available 
from stock... for immediate use in 
nuclear, space, biological, medical 
and electronic fields. 


@ detection of nuclear particles, 
(betas, protons, deutrons, tritons, 
alphas, heavy ions, fission fraga- 
ments and neutrons) in or out of a 
vacuum chamber 


gs high resolution spectrometry 
(details are available on SSR’s 
vacuum spectrometry chamber and 
electronic system) 


The standard transistor three-pin ar- 
rangement of the detector packages 
in SSR’s NPS series provide flexi- 
bility...two terminals are isolated to 
permit a choice of signal polarity to 
the external circuit while the third 
terminal, connected to the case, 
permits grounding and shielding. 


For complete information on the 
entire line of detectors as well as 
special amplifiers and data handling 
equipment, write SSR. 


SOLID STATE RADIATIONS, INC. 
9925 WEST JEFFERSON BOULEVARD, CULVER CITY. CALIFORNIA 











Monitoring Systems 


DESIGNED, BUILT AND BACKED BY (727 INDIANAPOLIS. INDIANA 





What is your radiation monitoring problem? Airborne particulates ... gaseous or liquid 
radiation .. . or gamma area radiation ? NMC equipment can monitor any one or all with 
individual units or complete systems. The system shown here presents data at each 


station and on a control room follow meter panel. It warns of caution and alarm levels; 
can even operate emergency controls. 


AIR MONITORS 
NMC air monitors offer many exclusive advantages. For 
example, Mode! AM-33R shown here detects and identifies 





ag long half-life emitters directly, almost immediately, with one 
$6,580* detector. Other monitors require five hours or more for 
oii tenn identification, due to the natural radon progeny. The four 
ther els 
from $2.480* NMC models are... 

MODEL CHANNELS FILTERS ACTIVITY DETECTEL 

AM-2A 1 Fixed a, By or y 

AM-3A 1 Moving a, By ory 

AM-22R 3 Fixed a and 8y Shows ratio of By a 

AM-33R 3 Moving a and Sy Shows ratio of By a 








FLUID MONITORS 


The NMC fluid monitoring system detects radioactivity in 
gas or water at MAC levels. Used with an NMC air monitor, 
it measures activity of the gaseous component of the dis- 
charge from the air monitor. Contamination and a separate 
pumping system are eliminated by employing the air pump- 
ing system and filter mechanism of the air monitor. The 
fluid system includes the FMS-1 shield with 30 liter sampling 
chamber, and two detectors—GM or Nal scintillation—oper- 
Fluid Monitoring ating in parallel; the LCRM-2M logarithmic count ratemeter 

Systems from with built-in bell and alarm lights; and portable EA graphic 
recorder. 


FOLLOW METER PANELS 


Each monitoring station can be connected to a follow meter 
panel in the central control room with inexpensive un- 
shielded standard electric code wiring. There's a meter for 
each station to show the radioactivity being detected, and 
lights to indicate caution and alarm levels. The bell sounds 
for an alarm condition at any station. Multipoint recorders 
Panel Size: | 19” x 10%” and remote emergency controls may be connected to the 
panel. 


AREA MONITORS 


Each of the four GA-2 units shown here is a complete 
monitoring station that indicates and reports unusual or 
excessive gamma radiation. It mounts on the wall and wires 
to any 110-volt circuit, eliminating the central power supply 
required by other systems. Each GA-2 has an amber and 
red light, bell, indicating meter, and complete alarm system. 
Units readily adapt to a complete system. They connect to 
follow meters and graphic recorders; are interchangeable 
without the usual installation matching and calibration. 
They are not sensitive to temperature, line voltage changes 
or external electro-magnetic radiation. The amber light is 
also a fail-save device, signaling component failure. An 
Four GA-2 Gamma Alarm Units auxiliary power supply for each GA-2 is available. 

$595* Each « Size: 12” x 15” x 8%” 


*All Prices fob, Indianapolis * For full details, write, wire or phone collect—LIBERTY 6-2415 





Nuclear Measurements Corp. 


2460 N. Arlington Avenue - Indianapolis 18, Indiana 
ternational Office: 13 E. 40th Street, New York 16, N.Y. 





122 





Activation Analysis 





j bias Frotentia | 
L ‘i 


FIG. 2. Sb'**, Au'®® PEAKS are propor- 
tional to concentrations in samples 





standard (SbeQ,) should be mixed with 
it least 100 times its own weight of 


very pure graphite to avoid this attenu 


ition Phe liffculties due to this 
resonance effect in be avoided, how- 
er, bv the use of a standard for whicl 
this shielding does not oceur 
We therefore spot the le ad-antimony 
lov with a known amount of gold 
salt Atte: tivation, the antimony 
ontent is mputed trom the Sb 
Au’. activit ratio referred to an 
pIricul tuibration curve since other 
induced activit re negligible 
Gold was osen as a standard bi 
LUSt t t OHOWINE require 
nts 
®Au ( i! Sa sing Isotope uy y 
rise to only radioactive spe 
ch has a good yield since the cross 
tion is quite large (95 barn 
® The energi i the gamma radiati 
0.40 Mev of Au and 0.56 Me 
Sb are ificiently different t 
easured without interference’ trom 
ich other wit! i gumma spectrometer 


provided that the instrument is com- 


pensated tor Compton effect I 
did by subtracting the Compton 

ontinuum of the Nal(Tl) detector 
with an anthracene crystal according 
to the method of Peirson and his col- 
leagues (7—9 Peak heights obtained 
ym the spectrogram are then propor 
tional to the ounting rates of the re 
spective nuclides A ft pical spectro 
gram 1s shown in Fig. 2 

® Half-lives of Au * and Sb “al ery 
similar 2.69 and 2.80 days respe 
tively); so that relative counting rates 
are nearly independent of irradiation 
period and decay between the end of 
irradiation and measurement 

To get an accurate calibration curve 


ich an amount of gold that 


We choose S 


peak heights for the two gamma rays 
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rut the im In view of the 
ections, disintegration schemes 
Indances it appears that an 
ntim to-gold eight ratio of about 
) lequat 
sks (diameter | cm, 
0.05 veight ~0.5 gm 
ted with ~ 100 ul of standard- 
Lu olut }mg Au, ml) and 
t t I in the presence 
Then the gold-plated 
doin aluminum 
ted the core of BR-1 
lO’? nyem?* sec 
s recorded 
tr eter unde 
few hours 
Antimon ol 
( bis} 
} 
Au 
( nstant at time 
imple size in 
peak heights 
I t nstant ((t) 1 
t time pro 
rt in compari 
Au'® and 
. ght lependent on the 
hall-lives are not 
l function ol 


—————___—___—. 

















FIG. 3. SIMULTANEOUS COUNTING of 


standard and specimen uses two detectors 
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tion is negligible in the first hours after 
the irradiation. 

In Eq. 4 the activity due to simulta- 
neously formed 60-day Sb'** was neg- 
lected, as the 
0.60-Mev gamma ray emitted by this 


interference of the 


Isotope, which is not resolved from the 
0.56 Mev of Sb!** is only 0.3°7 if meas- 


ured a few hours after irradiation. 


Instrumentation 


The arrangement we used for count- 
ing our samples is shown in Fig. 3. 
The instruments used with it are as 
follows 
® Detectors: Tracerlab RLD-2X and 
RLD-2 scintillation detectors (3 X 3-in 
Nal(TI) 


thracene crystal 


crystal and 1!5 X '4-in. an- 
Both detectors were 
coupled to the amplifiers through a 
White cathode follower 
®Two Nuclear Enterprises Fairstein- 
tvpe linear amplifiers and single chan- 
nel analyzers with continuous scanning 
from a common sliding channel 
® Tracerlab RLI-7 precision high-volt- 
age supply feeding both detectors 
® Differential counting-rate meter 
e Philips XY recorder, tvpe PR 2220 A 
qualization of the energy scale was 
by adjusting the gains of the amplifiers 
whereas counting rates were regulated 
by providing an appropriate geometry 
for the sample detectors 
With this instrument th 


hinearity 


between 
peak-height 
as a function of counting rate 
had a standard deviation of 2.3° 
Three gamma spectra were re¢ orded 
The ratio of peak 


from each sample. 


heights, corrected for decay, ar pro- 
portional to the antimony content with 


As the 


antimony can be 


a standard deviation of 3.4‘ 
concentration = of 
directly computed from the recorded 
peak heights, this method can be con- 
sidered as a first step towards direct 


reading activation analysis 
* * * 
This work is pa t of the sea h sponsored 


by the Inatitut Interuniversitaire dea Sciences 
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PROPIPETTE 






<&/ . 

ie 

® Time Tested © No moving parts 
® Simple to operate 


The new PROPIPETTE eliminates the dan- 
gerous practice of using the mouth to draw 
liquids into pipettes. it is simple to use 
and the operator soon becomes proficient 
so that liquids can be delivered quickly, 
precisely and conor. Measurement pre- 
cision is extremely high (0.01cc). The in- 
strument has three agate-ball valves which 
operate independently and the entire pro- 
cedure can be done with only one hend. 


PRICE $7.60 each . . . comes in black, 
red, green and blue, sent on approval. 


all laboratory pipettes can be used with 
the PROPIPETTE—Safety Pipette Filler. 


Write for additional information 


INSTRUMENTATION ASSOCIATES 
\ of Laboratory 


Distributors 
and Scientific Specialties 
17 West 6GOth Street New York 23, N.Y. 


The New 
SCINTEX 
BRAND 


PLASTIC 
PHOSPHORS 


Scintillation performance 
remains stable 
over years of application. 


Specifications 


$C-700 


Base Polystyrene 
Pulse Height 90%, of Stilbene 
Decay Constant 4x 10-* sec 
Wavelength of 

Maximum Emission 4165 A 
Density 1.04 


CRYSTALS DIVISION 
ISOTOPES, INC. 


ie heleleliclalc me bal l= 


Westwood, New Jersey 











IMPORTANT 
NEW BOOKS 


For Scientists 
and Engineers 


Introduction to 
NUCLEAR SCIENCE 


by Atvin GLASSNER 


A sound basic 
survey cover- 
ing the most 
recent detec- 
tion methods 
and known 
forms of Ta- 
diation, nu- 
cleus, .nuclear 
reactions, ac- 
celerators, re- 
actors, and 
applications of 
nuclear sci- 
ence in chemistry and_ biology 
Included are 18 basic experi- 
ments, developed and tested at 
the Argonne National Labora- 
tories. $3.75 


RADIOISOTOPE APPLICA- 
TION ENGINEERING 


by Jerome Kout, Rene D. 
ZENTNER and H. R. LuKENS 
Presented in this valuable sour: 
book is extensive material rang- 
ing from basic principles, health 
and safety precautions, AEC li- 
censing procedures to a coveragé 
of applications: measuring flow, 
friction and wear measurements, 
radiation processing, etc. 

prob. $12.56 


A PRIMER OF SPACE 
MEDICINE 


by M. P. LANSBERG 

This unique report gives an in- 
sight into the biological prob- 
lems which must be considered 
in the design and operation of 
space vehicles. Specific cases 
and examples are cited and help 
ful illustrations, graphs and 
charts are also included. $3.00 
CONTROLLED THERMO- 
NUCLEAR REACTIONS 

by SAMUEL GLASSTONE and 
Ratpex H. Lovserc $5.60 


MANAGEMENT OF 
NUCLEAR MATERIALS 


by Ratpeu F. Lumps $16.50 


Van Nostrand 


See Publishers Since 1848 


PRINCETON, NEW JERSEY 


a 











Intense Sb-Be Sources 


Make 10° Neutrons /Sec 


By EDWARD J. HENNELLY, F. J. du Pont de Ne: nd Co 


Savannah River Laboratory Atker South Caro 


Intense antimony-beryllium sources Intensities are great enough for the 
give cheap thermal neutrons—as source to tV'an important part 
many as 10'° n/see. Although Sb-Bi nany expel ts in whicl rn ut 
sources with low intensities have been norma! ire used In addition, sit 
used in the past for cross-section meas the source rut ontinuously, experi 
urements l ind as reactor-startup ments wit! ta t need the super 
sources (2 only recently has the sion and that one must g 
potential of intense sources been full) reactor experiment Chis fact is par 
realized These intense sources offer ticularly significant in making irr 
1 Way of making physics measurements itions for react hvsics studies 
that would normally be restricted to — to find absolute fission product yields 

lities locate Vin and around nuclear he source ca be used for 
reactors or accelerators. l ts at herg t 

fiss , t} tl ! . 
Neutron Source + oF . 
m get Ze) 

lo make a source we clad antimon In D.0 tl it flux 1 ft 

ith stainless steel and irradiate thi 10*"-n see sour ~~ X 10 
intimony in a reactor so that it be- st At tl it tl cadmium ratio 
omes radioactive Sb!24), When th I gold pi U.U00) l nh dlameter 
source is removed, we place it in a hous- . In H.O tl idmium ratio 1 
ing inserted into a beryllium evlinde: neal the t ~ in. fro t| 
Che beryllium emits neutrons from thx Sour nd t flu somewhat 
y.nm reactiolr since Sb!*4 has a half- lr is sin tl energ of the e1 tt 

of only 60 days, the source should neutrons 1s a 25 ke ; 
be reactivated two or three times a vear thermal-neut flu ) irs 1 ! 
\t the Savannah River Laboratory source rhis flu ialitat 
10'°-n see sources have made isotopes quantitative r to that in tl 
for tracer studies ind have proved use- th 

ntial experiments ! t 
WI tl 

Advantages of Source ee ae 

Our experience at Savannah Rivet ntense gam liation (10 
shows the ersatility of 10'®-n se l ft) with gamma energ 
Sb- Be sources They offer ai che ip OD Me | vi na inte t 
wav of getting neutrons with intensities iseful for experiment espe 
quivalent to those from many sealed the cask in wl the sour 
tubes and neutron accelerators (2): the in be moved f1 lace to pla 





Comparison of Four Radioactive Neutron Sources 


Po-B 10e¢ Po 2 S.4d } 
P B 250 gm Q) 2 (nM) 
ta-B 40 gm Ra Z 620 
Sh-B 1.000 SI} LOO 60d 4 
* | However yurce must be 
\ itom of P » 13 of Be 
+ Fal 1 handling ts onl ind | l 
4; 
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Safety 





Despite the potential radiation haz- 
ard trom intense neutrons and gammas, 
wit] ileguards and under proper 

pervision the sources can be handled 
safe By separating the beryllium 


from the antimony except when neu- 
trons are actually needed, one reduces 
Shc ng problems Under these con- 
clit : id-filled cask with lead walls 
~10-in. thick provides the shielding 
r transportation and storage. 
Juring experiments neutron shielding 
nts depend on the particular 
t | are similar to require- 

zero-power reactors. 

Cost 

\ pit nvestment of ~S3,500 
st of the lead-filled cask 
$3,000 nd tl bervilium (S500). 
( t t! rradiation facilities varies 
type of experiment. How- 
ng simple remote handling 
keeping personnel out of 
y luring experiments, 
t toa minimum One 
st of irradiated anti- 
vy it with the cost for 
t (82-5 percurie).  As- 

S5 per curie for Co! 
ng a 1|.000-cune 
ess than 85.000 per 
vortation of the 


Other Sources 


ntensities from other more 
onctive sources are 

han 10'® n see (see 

| ne tries to get 10°" n/see 
using multiples 

the cost is many 

ost ot an equiva- 

Sb-B irce: in most cases this 

~ rt resents an additional 
nat timonv source \l- 

uv roblems are SOmeC=- 

th the other sources 

nger, the smaller 

the higher-energy 


ntional sources are 


ipplications 
.* ¢ @ 
contrac 
ke Of 8 Ate Energy 
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Complete Instrumentation 
in Nuclear Measurement 


EKCO for RADIATION MEASUREMENTS: The 
=) nameplate Ekco Electronics, Ltd. appears on in- 
EKCO struments of wide application and diversified de- 
This nameplate is 
assurance of the very best in concept, workmanship and capa- 


sign in almost every country of the world. 


N616 ELECTROMETER 


bility. 

<7 Head amplifier permits im- 
mediate selection 10'2, 
10'°, 108 resistors, plus 
open circuit for rate of 
harge measurement. 7 ronges each full scale from 3 mv to 3 volts: 
‘oom uv stebility day to day +2% accuracy for voltage measure- 

ments. Recorder output. Full test facilities. 





N664 SCINTILLATION COUNTER se | 


The truly universal Scintillation Counter for use A 
with EKCO scalers and ratemeters and instruments 
of comporable ability. Has inbuilt linear amplifier. 
Extremely sensitive and efficient for counting of 
tritium and other weak isotopes in liquid form. 
Ideal for routine gamma counting with solid or 
well-type crystals. Compact, dependable and proven. 


N530 SCALER 


Preset time and preset count. Six 
decade automatic scaler with precision 
discriminator and stable H.V. to 2,000 
volts. Large meter monitors H.V. and dis- 
criminator voltages. 5 us resolution input 
sensitivity .1 volt neg. or 5 volts pos. 
Push buttons also provide start, stop, reset, test 1 cps, test 60 
cps. The perfect instrument for most scintillation and GM counting. 








N600 RATEMETER 


Plug-in assembly in a compact versatile 
pockage. 10 ranges 3 cps to 100,000 cps 
full scale with mean probable error con- 
trol from 1% to 10%. P.H.A. section 
provided with variable gate in voltage 
0-100 and 0-100% of threshold with 
manual ond automatic scan. Fast recovery from overload. Linear 
amplifier from 25-1,000 times with stable H.V. up to 2,000. 
AMP input sensitivity .5 mv to 2 negative, 5 volts to 100 positive. 
Recorder output. 





N596 RADIATION MONITOR ( 


Operates on standard batteries. loniza- 
tion chamber of high sensitivity; 0-3 
mreds, 0-30 mrads, 0-300 mrads plus 
integrating range of 0-30 mrads with o 
time constant of 15 hours. Measure, Beta 
3 MEV to 500 KEV and Gomma 3 MEV to 
10 KEV with 10% accuracy. Chamber especially designed to 
approximete physiological dose-rate 





second time constant. 











Linear Amplifiers 
Geiger Pre-amps 
Geiger Probes 
High-Resistance 
Measuring Set 
Manual Scalers 
Standard Ratemeters 
Beta-Gamma Monitors 


C.D. Radiation 
Monitors 


Medical Scintillation 
Counters 


Sodium lodide 
Crystals 


Sample Ovens 
Pulse Analyzers 
Coincidence Units 
Portable Scalers 


Reactor Period Meters 
Log Gamma Monitors 


Thermocouple Trip 
Amplifiers 


Fast Neutron Heads 
Effvent Monitors 
Shut Down Amplifiers 
Power Error Meters 


Nuclear Transmission 
Gauges 


Backscatter Gauges 

Pipe-wall Portable 
Gauges 

Fluid Density Gauges 


Proportional 
Controllers 


Limit Alarms 








N578 SLOW NEUTRON MONITOR 


Measures dose rate from slow neutron 0-15 mrem/hr to 0-150 mr with 
inbuilt calibration source. Scales calibrated and direct 
discrimination against gamma dose rate. 


EKCO ELECTRONICS, LTD. 


In U. S. A., address all inquiries to: 


American Tradair Corporation, 34-01 30th Street, 


Long Island City 6, New York 


ELSEWHERE: Ekco Electronics Ltd., Southend, England 


reading. 80-1 
Energy range to 30 eV. One 
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The six reviews that follow are of mono- 
graphs in a series published under the 
auspices of Nuclear Engineering and 
Simmons-Boardman Publishing Corp. 


NUCLEAR REACTOR STABILITY, 


by A. Hitchcock (Simmons-Boardman Publishing 
Corp., New York, 1960, x + 60 pages, $2.75) 


Schultz 


Reviewed by Mortimer A. 
Westinghouse Testing Reactor, We 
inghouse Electric Corp., Pittsburgh, Pent 
sylvania 

With the flood of technical literature 
currently being unleashed there is a 
groping effort toward literary forms 
that conserve space and the reader's 
effort. Hitchcock’s “ Nuclear Reactor 
Stability’ is one of a series of engineer- 
ing monographs that appears to achieve 
this goal. The monograph reviews and 
condenses what might be a book in th 
stability field. As set up it does not 
offer handbook information that is 
directly usable by the reader, but 
rather methods of ap- 
proach to general and specific reactor- 


outlines the 


stability problems and gives examples 

The intent of the monograph, ac- 
cording to the publisher’s preface, is to 
give broad coverage of the subject for 
university students, research assistants 
and engineers who normally do not 
work in the nuclear field. This seems 
to be the publisher’s intent rather than 
the author’s, since the monograph is 
at a highly technical level and requires 
considerably more than a casual know]- 
edge of the physics and thermody- 
namics of reactors. The point of view 
as would be expected from Dr. Hitch- 
cock’s UKAEA background, is British 
with most of the examples taken from 
the gas-cooled, graphite-moderated re- 
actor field. 

Stability is defined by first subjecting 
a power reactor operating in a stead) 
state to an input disturbance. If after 
a brief transient response the reactor 
returns to a steady state similar to the 
original one, the system is said to b 
stable. If after the disturbance the 
reactor moves continuously away from 
the original steady state possibly end- 
ing up in some form of shutdown, the 
reactor is said to be unstable. The 
input disturbance can be of almost 
any form; however, the disturbance 
must be translatable into a change in 
reactivity. 

The stability of dynamic systems in 
general are then examined using th: 
The 


reactor as an example. author 
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2 BOOKSHELF 


develops the small signal-disturbance 


quations of the physical 


The roots of the 


responst 


reactor subsystems. 


characteristi formed are 


equation 


t eXAal | for negative real parts 
to see if the system is stable Rela- 
tionships are iailable between roots 


ficients of the original char- 


cteristi determine sta- 


equation to 
bility conditions 
This treatment is first presented for 
-reactor conditions. — It 
s then expanded to handle 
that the 


solution of a problem can be built up 


umped average 
spatial 
arianees by noting general 
solutions with a time re- 


\W hen 
differential 


from simplk 


sponse ol the form sub- 


stituted into the original 
equation this solution produces partial 
differential 
These 


equations In space Only 


equations will only have solu- 


tions for certain values of w;: the « qua- 
tion giving these values is the char- 


icteristic equation. Approximations 


ire usuall used because exact solu- 
tions of the equations are inconvenient 
iys possible. One method 


another is the Q 


and not alw: 


y lea] aly 
Is modal iNnalVSIs 


method 

Once he has developed the general 
mathematical picture, the author pre- 
chapters on using this 


vidual 


sents indi 


method for problems of temperature 


xenon instability, void in- 


and instability introduced by 


instability 
stability, 
an external 

This 


engaged in t 


control system. 
offers 


ie design of large powet 


monograph physicists 


reactors a method of making stability 
calculations. The physical-mathemat- 


ical approach, however, is not par- 


ticularly suitable for engineers seeking 
a quick shortcut method of determining 
stability | in best 


inalogy to Ohm’s Law 


describe the 
situation by an 
in electricity. Ohm’s Law is derived 
Max Ve I] Ss Wave 


as plasma phy SICS 


from equation; fo! 


applications such 


E IR is too 


99.9% of all electrical calculations this 


naive. However, for 


simple formula works well. Similarly 
in the 
ing methods of analysis work beauti- 


reactor field the servo-engineer- 


fully for conventional reactors. J 
Nelson Grace 


have even use 


ior the 


ind his group at Bettis 
ds the 
complicated spatial-sta- 


servo technique 
more 
bility problems 

Consequentl I feel that the people 
ipproaches like Hitchcock’s 
There are 


who use 
are doing it for exercist 


simpler wa 





NUCLEAR RADIATION MEASURE- 


MENT, by J. Sharpe (Simmons-Boardman Pub- 
lishing Corp., New York, 1960, vii + 71 pages, 
$2.75) 

tev | Lou Costrell Nat 
Bureau of Standards, Washington, D. ¢ 


Phis monograph gives a brief des 
tion of the interaction of radiation wit! 
itter and a discussion of the more 
detectors \ 
es ure devoted to pertinent 
This discussior 


wed by a hapter on detectior 


tronic instruments 


He particle beta particles, gamma 
s and X-ra Obviously it is not 
possible to cover the material thor 
ig in 71 pages However, thi 
book should pre helpful to thos 
I et the so t contradictor 
qui nts being new to the 
ind et ha rg ifficient backg nad 
that the co ssions to bi t 
ot disturbing 


NUCLEAR REACTOR MATERIALS, 
by B. R. T. Frost and M. B. Waldron (Simmons 
Boardman Publishing Corp., New York, 1959, 
vii +79 pages, $2.75 


This monograph, based on i 
t tur mb t H 
s metallurg Is1on, Is 
tight presents 
Phe compact off chapter 
itstanding I explanat 
iIndamental etallurg lr} 
hapte! s the ent 
properties and processing of rea 
structural metals. This chapt 
owed | too-brief (5 pages) t 
it of the highlights of the metallurg 
iranium, plutonium and thoriu 
I} nal thre hapters deal vit 
ramics and rmets, liquid meta 
i gaseous and aqueous COrroslol 
Because of its brevity and use 
tials and abbreviations, this book 
t complete suitable for the 


new to the nuclear field. But it cou 
ipplementary reading 
outline for a lecture course 
mater From. the stand 
point of the tor physicist seeking 
ipability, the book 
» emphasize materials proces 


ng ibility and proper 

wkground gi 

rood foundation on which to proceed 
materials he 


little coverage 


into a deeper stud 


grettably, it gives very 
to control materials and no real atten- 
tion to inspection pabilities or radin 


tion effects 11) 
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NUCLEAR REACTOR CONTROL 
AND INSTRUMENTATION, by 4. #. 


Bowen and E. F. O. Masters (Simmons-Boardman 
Publishing Corp., New York, 1958, 68 pages, 
$2.75) 


MacPhee, Reactor 
American Machine 
Atomics, Greenwich, 


Reviewed by John 
Deve opment 
ind Foundry Co., 
Connecticut 


eection, 


‘l rhe authors have done uw commend- 
able job of presenting principles of 
reactor-plant control in a concise way. 


Using the Calder Hall 
basis, the author introduces the text 


reactor as a 
with a chapter on rudiments of reactor 
power plants. This discussion is fol- 


lowed by chapters on neutron kinetics, 
reactor thermal response, control rods 
lrives, and instrumentation. 
Although it is written in a practical 
the book is 


more than 


il treatment of 


Just a 
the subject. 


For example, in obtaining the transient 
stribution of temperature in a 
t channel, the validity of separat- 
y time and space variables is dis- 
issed along with the conditions under 
ich an approximation can be 
! Also in the chapter on neu- 
t ety useful approximate 
ire mentioned for obtaining 
to various types of 
t forcing Another chapter 

orking examples. 
text written and in gen- 
juite lucid. If fault must be 
t is in the omission of examples 
g other reactor types and 
t t that tl frequency-response 
ot discussed. Aside from 
t * minor complaints, this mono- 
y than satisfies its objective 
is an introduction to en- 
y vith reactor design 


STEAM CYCLES FOR NUCLEAR 
POWER PLANT, by W. R. Wootton 


(Simmons-Boardman Publishing Corp., New York, 
1958, 66 pages, $2.75) 


Toht Mac Phee Reactor 
) t Sect American Machine 
( Atomics, Greenwich, 

{ 
tive of this monograph is 
iin in an elementarv wav the 
lerations nvolved im Se lecting 
¢ rr nuclear power plants 


Ap} t me-third of the text 

steam cycles for gas- 

t The single-pressure, 

reheating steam 

1 1 with emphasis on 

t} tofr tor-coolant conditions 
ting steam-cycle parameters. 

1 ISsslOns Ol water-moderated 

reactors and liquid-m«e tal-cooled reac- 


tors re also given 
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The latter half of the book consists 


of appendicies on heat-balance cal- 
culations, steam-turbine design, and 
the Mollier and temperature-entropy 
diagrams; the book also gives working 
examples of steam cycles and a deriva- 
tion of the relationship between reactor 
gas-outlet temperature and the attain- 
able over-all thermal-cycle efficiency. 
The author has written an excellent 
text for those people unfamiliar with 
steam cycle design. However, be- 
cause so much space is taken up with 
fundamentals, the book offers little to 


the experienced engineer. 


NUCLEAR REACTOR SHIELDING, 
by J. R. Harrison (Simmons-Boardman Publishing 
Corp., New York, 1958, 68 pages, $2.75) 

Paul E. Thurlow, Reactor 
Development Section, American Machine 
and Foundry Co., Atomics, Greenwich, 
Connecticut 


This short 
realistically described as a shield de- 


teviewed by 


monograph cannot be 


sign handbook. Since it is impossible 
to contain the hodgepodge of shielding 
Neverthe- 
less, the author has done a remarkable 


cookbook lore in 68 pages. 


job of lucidly explaining the principles 
and basic formulas of shield design, 
providing a logical basis for further 
by the 
Although abbreviated in its discussions, 
the text is filled 


titative data; discussions 


inquiry uninitiated reader. 


with useful quan- 
include uc- 
companying equations and numerical 
values of parameters. 

As a work, the book is 
especially valuable in giving references 
detailed 
This is a 


reference 
to most of the important 
works on shielding theory 

real boon to the beginner or absent- 
minded expert, since the sources of 
useful shielding information are diverse 
and often obscure. For this purpose, 
and as an introductory shielding text, 


the book is highly recommended. 


Books Received 


Annual Review of Nuclear Science, 


Vol. 9, edited by E. Segré, G. Fried- 
lander and W. E. Meverhof (Annual 
Reviews, Inc., Palo Alto, Calif., 1960, 


this 
Interactions 


617 pages, $7.00). Reviews in 
volume are Neutrino 
Nuclear Interactions — of 
Zucker) ; Ray 
(Greisen); Bubble Chambers 
Optics — of 


Reines); 


Heavy Ions Cosmic 
Showers 
(Bradner) ; High-Energy 
Beams (Chamberlain); Nuclear Struc- 
Iiffects in Internal 


(Church, Weneser); Recoil Techniques 


ture Conversion 


Reactions and Fission 


Studies (Harvey); Labeling of Organic 


in Nuclear 


Compounds by Recoil Methods (Wolf) ; 
Nucleon-Nucleon Scattering Experi- 
ments and Their Phenomenological 
Analysis (Stapp, MaeGregor, Morov- 
csik); Theoretical Interpretation of the 
Energy Levels of Light Nuclei (Talmi, 
Unna), Appendix (Ajzenberg-Selove, 
Lauritsen); Nuclear Method for Sub- 
surface Prospecting (Beckerley); Ex- 
periments on Cosmic Rays and Related 
Subjects During the IGY (Ney); Cel- 
lular Radiobiology (Alper); Vertebrate 
Radiobiology: Metabolism of Internal 
Emitters (Thompson); Late Effects 
(Storer, Grahn). 


Progress in Nuclear Physics, Vol. 8, 
edited by O. R. Frisch (Pergamon 
Press, New York, 1960, 304 pages, 
$15.00). Topics covered include: cos- 
mic rays and the origin of the elements; 
polarized nucleons; collective motion 
in nuclei; Cherenkov detectors; dis- 
persion relations for elementary par- 
ticles; and pion production by photons. 


Progress in Nuclear Energy, Series IV, 
Technology, Engineering and Safety, 
Vol. 2, edited by R. Hurst, R. N. Lyon 
and C. M. Nicholls (Pergamon Press, 
New York, 1960, 799 pages, $15.00). 
This contains edited 
selected from those presented at the 
Second the 
field of reactor technology (additional 
papers on reactors are in Series II). 


volume papers 


Geneva Conference in 


The papers are listed under five topic 
headings: Reactor Chemistry; Reactor 
Materials; Engineering Experience and 
Practice; Engineering Studies; 
Engineering Aspects of Reactor Safety. 


Also of Note 


Engineering and Technical Conven- 


and 


tions 1961 offers a comprehensive, 
advance listing of engineering and 
technical meetings and conferences 


to be held in the United States during 
1961; it provides dates and locations 
of almost 700 regional 
national meetings on technical sub- 
jects ranging from acoustics to high- 
polymer physics to welding. 42 pages, 
$4. Industrial Relations News, 230 
W. 41st St., New York 36, N.Y. 


state, and 


Energy and the United Nations con- 
tains key UN studies on different as- 
Besides 
a report on atomic energy, the pam- 


pects of the field of energy. 


phlet discusses fossil fuels, electric and 
wind power, solar energy and the eco- 
nomics of energy development. Edited 
by A. G. Meezerik, 66 pages, $2.50. 
International Review Service, 15 Wash- 


Vew York 3,N.Y. 


ington Place, 
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digital form for readout in binary deci 














min code and ise therm display \loni- 2 « 
tor has five kinds of alarm conditions 
temperature, rate of change, approach 


to trip, irrational high or irrational low 


temperatures The device, which has ‘f 








30,000-35.000 mponents. has 

ted without af ire or spurious signal : 
19OO hr, 1.250 of which wer 
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' : ' 
Logger with Computer for Reactors tion field of 5 mr hr-300 
Fact — 0.075-2 
Solid-state digital system, recently delivered to Argon National Laboratory for — yyy t ' : £95 9 
reactor monitoring and control, is flexible and expandable because its heart is 
PB-250 digital computer. This 250-channel data-logging system, which has 50 
channels of off-normal alarm, can grow to keep pace with future needs because the’ 
computer’s stored program can be changed, thus 1 fying the system operati 
in many ways. Besides this flexibility for adaption to future tasks, the syste 
also has great capabilities as a logging syst Calibration, sealing and lineariza 
tion of transducer signals are made in the computer Thus manv nonlinear 
transfer functions can be made without analog correctio The system accepts 
six analog input-voltage signals ranging in freque) fre direct current to 40 
cvcles/sec, amplifies the signals and digitizes the tages with a sampling rat 
at least 2,000 samples /sec. The data is then record n magnetic tape in IBM 
704 format.— Packard Bell Computer, 1905 Armacost Ave., Los Angeles 25. Calif 
’ 

tor 3,600 points The monitor 
Monitor for Hanford Reactor : AE ET Ey 
High-speed temperature monitor men 1 Seal e of O.S sec and a self-check 
ures temperatures at 120 points on 46 ng feature that prevents false alarms 
ft cubic production reactor at Han- — Solid-state t leasures tempera 
ford. System will later be expanded to tures il t nd converts them t 
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Switching Circvits — 
With Computer Appli- 
cations by W. Hum 
phrey, Jr. Applies 





¢ tech 

es to design of 
ctronics systems 

Publisher's Price, $8.50 
Club price, $7.25 


Pulse and Digital Cir- 

cuits by J Millman 

and H. Taub. Explains 
ite for effec’ 


tror tet 


Publisher's Price, $13.50 
Club Price, $11.50 


Magnetic Amplifier En- 

gineering by G. M. At- 

Gives principles 

and app! ~at ns of 
agnet amplif ers 

Publisher's Price, $7.50 
Club Price, $6.40 


Handbook of Semicon- 
ductor Electronics by L. 


applications 
Publisher's Price $14.00 
Club Price, $11.90 


Transistor Circuits and 

Applications edited by 

I M. Carroll Hun- 
" ¢ trar 


plication 
Publisher's Price, $8.00 
Club Price, $6.80 


Electronic Measure. 
ments hy F Terman 
und J. Petit. 2nd Ed 
( rs measurement 
fundamentals in rad 

\ radar and other 

l evstems 

Publisher’ s Price, $12.50 

Club Price, $10.65 





Mathematics for Eiec- 
tronics with Applica- 
tions by H. M. Noc 
and F. W. § ° 
Mather atical meth 








Publisher's Price, $7.00 
Club Price, $5.95 


Electronic Designers’ 

Handbook by R. Landee, 

D Dav ind A. Al- 
t ht. Detailed, pra 

lesign data on 

nies cireutta for 

e f equipment 

Publisher’ s hen: oss 50 
Club Price, $14.05 


System Engineering — 
An Introduction to the 
Design of Large-scale 
Systems by} H 
‘ leand tt. FE. Machol 
Modern methods for 

blems of 

aie systems. 
Publisher's Price, $11.50 
Club Price, $9.80 








Electronic Digital Com- 
puters by C. Smith Ex- 
plains principles and 
vrations of  arith- 
et circuits, and 
mm nents in modern 
tal computers 
Publisher's Price eA 00 
Club Price, $10.2 


of the 
O00 Electronics and 


AE 
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To NEW MEMBERS 


Control Engineers’ 
Book Club 





How many of these books do you 


wish you had at Club savings? 


Select one for JUST A DOLLAR! Choose from Electronic Designers’ 
Handbook, Pulse and Digital Circuits, Electronic Measurements, and 
seven other valuable books . . . your introduction to membership in 
the Electronics and Control Engineers’ Book Club. 

If you're missing out on important technical literature—if today's 
high cost of reading curbs the growth of your library—here’s the 
solution to your problem. The Electronics and Control Engineers’ Book 
Club was organized for you, to provide an economical technical reading 
program that cannot fail to be of value to you. ’ 

All books are chosen by qualified editors and consultants. Their thor- 
oughgoing understanding of the standards and values of the literature 
in your held guarantees the authoritativeness of the selections. 


HOW THE CLUB OPERATES 


Every sec od month you receive free of charge The Electronics and 
Control Engir ’ Book Bulletin (issued six times a year). This gives 
complete advance notice of the next main selection, as well as a number 
of alternate selections. If you want the main selection you do noth- 
ing; the book will be mailed to you. If you want an alternate selection 

or if you want no book at all for that two-month period notify the 
Club by returning the convenient reply card enclosed with each Bulletin. 


SAVES YOU MONEY AND THE BOTHER OF SHOPPING 


We ask you to agree only to the purchase of three books in a year. 
Certainly out of the large number of books in-your field offered in any 
twelve months there will be at least three you would buy anyway. By 
joining the Club you save yourself the bother of searching and shop- 
ping, and save in cost about 15 per cent from publishers’ prices. 

Send no money now. Just check any two books you want—one for 
only $1.00 and one as your first Club selection—in the coupon below. 

Take advantage of this offer now, and get two books for less than the 
regular price of one. 





THIS COUPON WORTH UP TO 





The ELECTRONICS AND CONTROL 1, eae BOOK CLUB, Dept. NU-3 
327 West 41st Street, New York 36, N. 


Please enroll me as @ member of the in ll and Control Engineers’ Book Club. 
I am to receive the two books I have indicated below. You will bill me for my 
first selection at the special club price and $1 for my new membership book, plus 
a few additional cents for delivery costs. (The Club assumes this charge on prepaid 
orders.) Forthcoming selections will be described to me in advance and I may 
decline any book I need take only 3 selections or alternates in 12 months of 
member - p. (This offer good in U.S. only.) 


Check 2 books; #1 for dollar book and #2 for Club selection 


l 0) Switching Circuits, $7.25 0 Mevtrenie Measurements, | 
| [] Pulse and Digital Circuits, $10.65 | 
$11.50 0 Mathematics for Electronics 
| 0 ar c | acted Engineer- with Applications, $5.95 | 
ing, $6 0 Electronic Designers’ Hand- | 
| [1 Handboo i of Se mi conductor book, $14.05 
| Electronics, $11.9¢ System Engineering, $9.80 l 
0 Transistor “Cire ui ~4 and Ap- 3 Electronic Digital Comput- | 
| I ations, $6.80 ers, $10.25 
| PLEASE PRINT | 
| Name ... PTT TTTTTTT TTT LTT TT ll, | 
1 aaa | 
adresse ° eee ee teocesecsesesees ROO Ee HOE! 
l CPi cnaoae . Ssdecsnenedees Jueviababnsidwts Te s State socccessees 
| COMPANY .... cc recsseresccceces . eee ete et eee eee ereseeeeeeeeeeeeeess eee 
| scly sath — 
If not completely satisfied, you may return 
| NO RISK GUARANTEE your first shipment within 10 days and your | 
| membership will be canceled NU-3 | 
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... third of a series 


MEETING THE CHALLENGE OF 
ENVIRONMENT -sessinint atte 


are +} 
408 ‘ Cc 


{ 
| 

rake ; firet Telana- te aor 

1K 3} 


aarcr if tif fea 


Chances are—one of the 300 Some odd a, 8, vand neutron de- 
tectors available from stock (or 4 to 6 week delivery) may meet your 
unusual environmental challenge. If not, we can help you—as we 
have done others—by development of detectors for your specific 
needs. Anton Detector data belongs in your file—send for Bulletin E3. 


ANTON ELECTRONIC 
LABORATORIES INC. 
1226 F B’klyn 37, N.Y 


122 lushing Ave 


a 


-. ¢ 


¥ 


4 
: 
ae 
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+ 
scale that has an illuminator built in 
1or night LIS¢ | he meter, whi h oper- 
ites for 50 hr on two flashlight bat- ; 


teries, has a stabilized circuit that fune- 


tions In temperatures trom 22 tO 
125° F with a 15% accuracy Gelman 
Instrument Co 106 N. Main St 
Chelsea Mi I 


Cobalt Irradiator on Casters 





== 


MOBILE Co IRRADIATOR uses 3,000- 
curie source Shielding reduces dose rate 
to <10 mr hr at surface.—tlsotopes Spe- 
cialties Co., Burbank, Calif. 


Pure Rare-Earth Metals 


~ ral t ? 
( l oi hol l! 
n and ytter have | 1 re 
tot g r 0.0 
) 0.0 0 t 
rt} () gen ’ 
f im, ete I 
rtl t n 25-g 
num lot High | ty Meta I 
340 Hudson St., H ack, N. J 


| r Se r tble-speed 
raise and lower control rods 

reactor built the General Aton 

1) ! { Dynamics l 

irives I tantly and ad " 
t " I ratiol t 
rods A 149-hp motor lifts a 70 

itarate ol OIt 1 Adjustable stops 

i solenoid control allow different 


ng and | peeds to be 


Humphre iF 2805 Canon St sa 


Diego 6, ¢ 
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Removing Heat from Spent Fuel Shipment 


HEAT EXCHANGERS hove two closed circuits: internal primary 
circuit, made of Inconel (shown here), removes heat from water- 
in which fuel elements are submerged. External 
secondary circuit, made of copper-nickel alloy, removes heat 
from primary circuit and dissipates it in air.—American-Standard 
Detroit 32, Mich. 


filled container 








Flywheel Powers Reactor Plants if Mains Fail 


GYROAGGREGAT SUPPLIES 8 kwh—enough energy to operate 
plant auxiliary Gyro has 1.5-ton flywheel. Two 
pled to flywheel: one acts as motor, is connected 
to 5 ycle power-mains supply and drives flywheel at 3,000 rpm; 
the 1 three-phase generator, is self-excited by condensers 
Oerlikon Engineering Co., 


services 
t ore 
three-phase current 


Continued on page 132) 
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LENOX REMOTE VIEWING ’SCOPES 


FOR NUCLEAR APPLICATIONS 


Lenox leads the way in the development of borescopes 
and periscopes for the inspection of reactor compo- 
nents and other radioactive parts. Both instruments are 
supplied with offset optics and integral shielding. Of 
watertight construction and corrosion-resistant mate- 
rials, they are manufactured in lengths and diameters 
to fit the application. Adapters for T.V. and photog- 
raphy available. 





4 NUCLEAR PERISCOPES 


For the viewing of remote handling 
operations such as hot cells, canals, 
and other hazardous processes. Also 
available—metallurgical extended mi- 
croscopes 


REACTOR BORESCOPES > 





Allow for close-up inspection of re- 
actor’s fuel plates, tubes, etc. Inter- NT 
changeable, illuminated viewing heads 
and eyepieces permit combination 
borescope/periscope usage. 





When inquiring, please advise length and bore, any bore irregularities, and 
whether bore is accessible at one or both ends. We will be glad to submit 
recommendations, specifications and prices 


EINIOX 


INSTRUMENT COMPANY 
NUCLEAR DIVISION 
2010 Chancellor St. Phila. 3, Pa. 
LOcust 8-661! 








"EXTRA" POWER 


fo) au d-y-1 01 (0) am 8) 40) 1-108 6: 


Long-term senior staff ‘‘alumni of renowned 
pioneer reactor development groups will provide 


Short- or Long-Term 

CONSULTATION SERVICES 

to the 

NUCLEAR POWER INDUSTRY 

fel 

power plant analysis 
system and component design 


test programs 


instruction manuals 

SB SSS 

STA PAR 
8B 


operating personnel training 
fuel handling technique and 


equipment design 


by the day, week, Ks Fees a 
month or contract. mere " 
WRITE, WIRE OR PHONE 

FOR DESCRIPTIVE LITERATURE 


Bie Metre Boa 


NUCLEAR SERVICE CONSULTANTS, Inc. 
650 Eleventh Avenue, New York 36, N. Y. Dept. N-3, PLaza 7-9783 


A subsidiary of Consultants & Designers, inc., 
services to the enginecring profession— Offices coast to coast 
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Chalk River’s CO. Generator 



















Engineered, 
machined and 
fabricated all alu- 
minum nuclear 
spent fuel element 
storage rack de- 
signed by Stone 
and Webster, 
Boston, Mass. for 
Yankee Atomic 
Plant, Rowe, ed 
Mass. Q re a ia e 








QUALIFIED WELDERS ( GENERATOR WILL SUPPLY CO. as an inert 


A.S.M.E. - National Boards nonabsorbing purge gas for Chalk River 
Aircraft - MIL-T-SO21A 200-Mw NRU reactor.—Lovis DeMarkus 
Navy - STD-248A Corp., 3080 Main St., Buffalo, N. Y 

Code inspection by 

Mutual Boiler and 

Machinery insurance 

Company 









WRITE FOR ALUMINUM BROADSIDE 


S™, PC engineering 


STURBRIDGE, MASS. 























NEW... Thermoelectric baffle (above) t 
VIBRATING med with vacuum systems it 


plete <olid-s le that 
A vibrating-reed type ly en d | on, on TK, fel 
capacitance modulator for eae i » 
use in measuring currents econ e ies 
as low as 10 —'§ amperes. Prigiste ” ; 
Long term stability for shea sees 
process control. Drift +0.2 ' : iio 
millivolts per day, non-cum. neon penance.—\senet 
r} ( t ( Princet Nu 
Write for Catalog 523. 
: Static Metal Seal 
35 K-Seal Ator whined trom higt 
seas ARNOLD temperature stainless steel, will be used 
oa ina stiil-classihed, experimental reactor 
(INC OR P Oy project The 35-in. seal makes a gas 
7 ELKINS STREET, SOUTH BOSTON 27, MASS. tight connection at 700° F under 2,000 
psl Harrison Manufacturing Co 
2908 N. Naomi St., Burbank, Cali 
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Scaler for X-Ray Diffraction 
‘. N-276 °] oh Sper 
° by ised Tor X ri 


l-printing scaler 


er features 15 preset 


it ll preset time and 


sa pulse-pair resolu- 


ot 6 electron. dec- 
ensitivityv of + t volts peak 
HH ner Electronics Ine., 
" <3 ’ > Pris eton a 
" . 3 
: “= 
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\ | Gann 
. ure - 


~ t-1 mse thermoco 


heaths and 
Instruments 
I el-alume! 
ver-constantan 
1 range ol 
2. s00° | Thermocouples 
of 6,000 psi 
1) icts, 1120 El Segundo 


“ ( 


Pulse Amplifier for Reactors 
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ted by 
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ind connes 
to 2.000 tt 
actor 
consists of a low- 
tag step attenuator, a 
cih- 


iin stage spe 


rument include: in- 
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v-diffraction counting 


10 to 500,000 counts and 


manual 


repetition rate 








Ouz 











Automatic Single-Channel 
Gamma Spectrometer 


for the qualitative analysis of radi- 
ation patterns produced by separate 
radio-active isotopes or by isotope 
mixtures. The instrument is also used 
for quantitative measurements of ra- 
diation, for the determination of the 
purity of isotopes, to study scattering 
and absorption effects 

The instrument is equipped to pro- 
duce differential as well as integral 
spectra 

Both manual and automatic oper- 
ation provided. Four scanning times; 
chart speed odjustable to obtain uni- 
form curve length. 





PW 4024 


HALF-VALUE WIDTH guaranteed better than 9/,% (for the 662 KeV photopeak 
of Cs 137) with scintillation detector PW 4119 and preamplifier PW 4071 - HIGH 
VOLTAGE RANGE 300-2500 V in steps of 22 V - REGULATION AND DRIFT H.V 
variations less than 0.005% per 1% mains fluctuation. Drift less than 0.05% in 
24 hours - LOG. ATTENUATION 1-660 x, in steps of 10°-°°? - AMPLIFIER RESO- 
LUTION 1 wsec (5 usec for 100 x overload) - CHANNEL HEIGHT 4-100 V (10- 
turn helical potentiometer) - CHANNEL WIDTH 1-2-4-8-12-16-20-24-28-32 V - 
SCANNING TIMES 3.5-14-24-100 min - MEASURING RANGES 300-1000-3000- 
10 000-30 000 c.p.m. - TIME CONSTANT 0.1-1-3-10-30-100 sec 





PHILIPS 


PHILIPS: 


nuclear equipment 





N.V. PHILIPS’ GLOEILAMPENFABRIEKEN - EINDHOVEN -HOLLAND 


Particle accelerators - Reactor control instrumentation - Health protection and 
monitoring equipment - Radiation measuring and detection equipment - Geiger- 
Miller counters - Photomultipliers - Radio-active isotopes. 
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“[T never heard enough nuclear news: 
now I read NUCLEONICS WEEK.” 


PHH, Alaska 





“My employees called me ‘old stick- 
in-the-mud’ before I subscribed to 
NUCLEONICS WEEK.” 

— STR, Chicago 


Ns 
: 


ye P - 
} - : SUS thr. : 
Sg S StS Sts SS 
. ). Saar > IDSA ~ LAS x 
insisamsuOriginal painting by Oli Sthvonen, Taos, N. 
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Through the use of tissue equivalent dose rate 
meters carried on various high altitude research 
rockets, Los Alamos scientists are learning 
much about radiation in space, including its 
possible effect on humans. The instruments 
) simulate human tissue, observe the effects of 
radiation and telemeter the data back to earth. “I had a terrible problem before | 
read NUCLEONICS WEEK.” 





~ 


HJT, Nova Scotia 
For Employment Information Write: 
Director of Personnel Division 61-27 





\ = 


los: ‘alamos oT oe 


“i _ scientific laboratory NUCLEONICS 


OF THE UNIVERSITY OF CALIFORNIA 


,° LOS ALAMOS, NEW MEXICO K WEST 42nd ST 
| | WEEK ew vor 36, ny 
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Products and Materials Kearfott Uninterrupted Power Systems... 
tage sensitivity, minimum ofl 


Department starts on page 128 

| FOR CONTINUOUS, UNVARYING 
“et POWER AT ALL TIMES 

olt gain, 20,000; output voltage, 

‘ th 600 volts applied to pro- 














Pu-B ource: rise time, 0.1 “ NORMAL POWER 
it usee: noise level, 0.3 
4 K ft if ( ra | le tric 
| River Rd., Schenectady, N. ¥. w= NORMAL POWER FLOW ] 
) mum EMERGENCY POWER FLOW . ona cane 











oc 


AC 
GEN. MOTOR Semin 


[VITAL LOAD | TWO ELEMENT UNINTERRUPTED POWER SUPPLY = 
BATTERY 


\ lant purifies water from bio- Typical applications: Nuclear Reactors = Power Distribution 
| radioactive con- » Digital Computers » Process Control» Communication Systems 
First part oft process 


irt removes radio- 


m. Each part. is Kearfott Uninterrupted Power Systems are vital in applications 

tbove) ; a collapsi- where any interruption in AC power can cause serious loss or 

ds 350 gallons of delay. These continuous power systems, which can be tailored 

Secon rt consists of two to a variety of requirements, put an end — once and for all — 
and a dosing to the problem of varying or intermittent prime power. 


























Plant for Water Purification 


. at Sa ale a In one representative system arrangement, an AC generator 
ee aE ae is driven by a DC motor which derives power from a regulated 

1. The anion ex- rectifier in parallel with a long-life storage battery. When power 

| to show when the fails or varies the rectifier, which normally supplies power to 


Of the two ion- the DC driving motor, is disconnected and the battery provides 

y one 18 an oper surge-free power to the motor—in zero time. When prime power 

ae a ee ee eee is restored, the system automatically reverts to standard op- 
te AE tine Tor conunteus “erating conditions and the battery is restored to readiness by 


Krupps, Essen, Wes 3 
the main battery charger. 


Also available in 2 and 3 unit systems operating in parallel with 
or isolated from the line, Kearfott’s compact uninterrupted 
power systems also provide audible and/or visual alarms to 
indicate over- and under-voltage, overload or ground condi- 
tions. 

Generator ratings to 


150 KVA 60 and 400 cycles, 
single and polyphase. 





Frequency, voltage, and 
transfer regulation as 
required by the application. 


meter. Mode! For complete data on the wide variety of arrangements available, write to: 


ras tae KEARFOTT DIVISION 
The instrument monitors beta, » GENERAL PRECISION. INC. 


X liation of Ow and 


It also mensures 


586-5 es both rate of 








Little Falls, New Jersey 
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RCA == TUBES 


The stability and high precision which make possible the 
sharp, clear magnifications of 200,000x and the extremely high 
resolving power provided by the RCA EMU-3 Electron Micro- 
scope, can only be achieved by the use of tubes of the highest 
possible quality. 

Provide your circuits with the same kind of accuracy and depend- 
ability. Specify RCA tubes throughout—there’s one for virtually 
every application. See your Authorized RCA Distributor for immedi- 
ate delivery. RCA Electron Tube Division, Harrison, N. J. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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alphas with energies as small as 4.5 
\le\ Survey meter has two _ inter- 
changeable ion chambers for two modes 
of operation: rate hamber vives Meuas- 


urements in 0-25, 0-250 and O0-2.500 


mr hr; integrating chamber giy ie 
cumulated meSurements in ranges 
O-0.25, 0-2.5, 0-25, 0-250 and 0-2.500 
nit | nergy dependence in both cham 
}! Nuclear Chicago Cory 


Mobile Air Monitor 


A M-2S, which was designed pr 
to prot t Orking i 
t etect iii If i 
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scram operations. The amplifier 


vhich is adjusted by an internal 
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I ra lO 107" amp range, 1s 


sulse generator that 


UU- LIS¢ ol scram-level 
le through the amplifier once 

| nstrument has a 

t O.0 i response time 

i-state power sup- 


100 volts CGen- 





cae EVEN UNDER HIGH HUMIDITY CONDITIONS! 





MODEL 7 





The Juno Survey Meter 
Fast Neutron Detector is a portable instrument which measures 
the intensity of, and discriminates between alpha, beta, and gamma radiation 

rtiona The Model 7 is the newest version of the original Hanford instrument. It fea 

Ook. Mika tures a hermetically sealed switch box and desiccant cartridge. These design 
improvements insure high efficiency performance under adverse humidity con 
ditions. Additional features include a high impedance circuit, a large open- 
face meter, and a new improved battery pack with considerably longer life. 


rencther STEP FORWARD BY T/A! 





REMOVABLE 
BATTERY T/A pioneered in the 


manufacture of the 












hot 
Juno and has made an 
Tr) 
unceasing effort to 
tat 
LARGE EASY-TO-READ achieve maximum de 
METER FACE pendability. This con 
I Is - - tinuing search for 
ted REPLACEABLE design improvements 
ALPHA SCREEN 
- | has resulted in the ac 
ALPHA REJECTION . 
( 1 Ohio ABSORBER ceptance of the Juno 
: by practically every im 
. BETA REJECTION portant nuclear instal 
iclea 4 " ABSOR 
Nuclear Gages SSSnEER }- lation in the world 
. . at 
s Is For complete details, write for Bulletin No. 180 
t ition 
tes and TECHNICAL ASSOCIATES 
t \ W ; : 
Instrumentation for Nuclear Researci 
~ * 140 WEST PROVIDENCIA AVENUE + BURBANK, CALIF. 
t rift 
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EVERYDAY 
RADIOCHEMICALS 


No longer rare or difficult, radiochemicals in great variety 
are available from The Radiochemical Centre. To serve the 
daily needs of science, industry and medicine, we regularly 
process, dispense and dispatch up to 1000 orders a week 
Last year’s shipments at home and to over 60 countries 


abroad totalled no less than 35,000 


This growing demand for British radiochemicals is firmly 


founded on our world-wide reputation for chemical and 
radiochemical purity, safe packaging and first-rate 


arrangements for rapid transit by air, road, rail or sea. 


We cordially invite heads of laboratories to draw freely on 
the unique facilities provided by The Radiochemical Centre 
Comprehensive catalogues include over 500 pure labelled 
compounds of known specific activity as well as reliable 
radioactive sources for all purposes. Let us send you these 
up-to-date guides—invaluable to all who contemplate 


radioactive techniques. 


THE RADIOCHEMICAL CENTRE + AMERSHAM 
BUCKINGHAMSHIRE + ENGLAND 
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Is | part in 1,000 per day in output | 

signal In gaging, the following sensi- P 

tivities result for steel: for range 0-10 d 
ising Co sensitivity is O.OOL2Z 
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Vii e M 73-1 offers s 
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8 New Activation Foils 
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Nuclear Accessory Catalog. 
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Capabilities and Products Catalog. 
79 pp.; AECL, P. 0. Box 93, Ott 
Q)ntar ( 
Manual of Nuclear Medical Instru- 
ments. 22 Curtis > 
( H45 \ at ~ ft ( 
( 
Instrument and Filter Catalog 
(; | trument ( 
St. ( \] 
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Emergency Power Units. 
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Ultrasonic Cleaning Equipment Cata- 

28 pp National 

( | \lontgomery 
gton N. J. 


Ultrasonic 


Ave., 


log 


Radioactive Decontamination Refer- 
. ence Chart. Turco Products 
- i. = 1055. Wilmington, 


( 


Company Capabilities, Competence, 
Geophysics Corp 


Bedford, Mass 


Facilities 


Educational Kits & Instrumentation for 


Teaching. ‘ Atom) Acces- 
Ir S W. Merrick Rd., 
ey N. ¥ 
Stable lsotopes t+ py Bio-Rad 
) Ciriff Ave 


Radiation Effects Laboratory. 4 pp.; 


t ( Hooo Saticoy St 


New Advances in Radiation Detection. 
| irements Corp 
\ t Ave., Indianapolis 
‘ Gammacell 100 and Gammacell 200. 
{ (>) B O83 Ottawa, 
Liquid Scintillation Counting Systems. 
| 1o0 Prapelo 
. t Detection Instruments. 
nt Development 
\ North- 
Bendix Dosimeters and Chargers. 2 
| S11 W 

St N. 3 
H 1 and Foot Monitor. 3 lo ber- 
Pdf 979 


T torized ey Meters. 2) 
28-21 Astor 
(‘it ae 
( t Rad tive Gas & Liquid 
Analyzers Ato Leces 
- \ Merrick Rd 
\ 
’ Elect k Recorders &Indicators. 4S 
I Hon Regu- 
\\ &« Windrim Aves 
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Dual-Channel Potentiometer Recorder. 
4 pp.; Varian Associates, 611 Hansen 
Way, Palo Alto, Calif 


Gamma 


18, Ind 


Services in All Fields of Computer Ap- 
7 pp.; Nuclear Engineers 


plication. 


Spectrometer 
pp.; Nuclear Measurements Corp., 
2460 N. Arlington Ave 


4 pp.; Hewlett- 
Mill Rd., 


15 Mc Oscilloscope. 
Packard Co., 275 Page 
Palo Alto, Calif. 


RCL Analyzers. 2 pp.; Radiation 
Counter Laboratories, Inc., 5121 W. 
Grove St., Skokie, Ill. 


System. 11 
Indianapolis 
Van de Graaff Neutron Source. 4 


pp.; High Voltage Engineering Corp., 
Burlington, Mass. 


and Consultants to the Free World. 


é pp.; 





28,000 GAL. 
WAR 
ROGER. 


NEED 


eReokx ecole om ce 4.45 


i: 


Internuclear Co., N 
wood Blvd., Clavton 5, Mi 


STORAGE DE- = 


BUILT BY 





Brent- ReadoutLamps. 4 pp.; Westinghouse 


ssourl 


Lamp Division, Bloomfield, N. J 





Ge Racal la 
7,000 GAL. LH2 DEWAR BY 
STEARNS-ROGER FOR Mis- 


~~” SiILE COMPONENT TEST. 


STEARNS- 


OFS 7S OR Gel > ars 


STEARNS-ROGER IS ENGAGED IN 
DESIGN, ENGINEERING AND FAB- 
RICATION OF SPECIAL STORAGE 
AND HANDLING FACILITIES FOR 
LHz. LET US DEVELOP YOUR LH2 
EQUIPMENT FOR CAPACITIES IN 
THE 1,000-30,000 GAL. RANGE 


Stearns: er 


THE STEARNS ROGER MFC CO - DENVER RA 








P.O. BOX 5888, DENVER 17, COLO. 


CONSTRUCTORS 
MANUFACTURERS 


DESIGNERS 
ENGINEERS 
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SCINTILLATORS 


Neutron Detectors 

® Clear boron-containing organic 
glass with ZnS (Ag) dispersion 
for fast and slow neutron de- 


tection. 
® Loaded liquid scintillators. 


@ Proton recoil liquid and plastic 
units. 


© Pulse shape discrimination liquid 
and plastic units. 


Gamma Detectors 


® Flow 
slabs. 


type, well plastics, and 


Beta Detectors 

© Flow type, capillary and liquid 
for filter paper counting, thin 
sheets. 


NUCLEAR 


h aprenenee LTD. 
o50 Berry St 
WINNIPEG 21 CANADA 
A asc “rprise 


wiate Co Nuclear Ente 
G. B.) Ltd 
Sighthill, Edinburgh 11. Scotlar 





TRADE-MARK 


SCINTILLATION 
PHOSPHORS 


“POPOP" (Scintiliation Grade) 

M.P. 245-246° C 

Fiuorescence Max. 4200A 
2,5-DIPHENYLOXAZOLE 
(Scintillation Grade) 

M.P. 70-72° C 

Fluorescence Max. 3800A 
ALPHANAPHTHYLPHENYLOXAZOLE 
(Scintillation Grade) 

M.P. 104-106° C 

Fluorescence Max. 4050A 
p-TERPHENYL (Scintillation Grade) 

M.P, 211-212° C 

Fluorescence Max. 3460A 
1,1,4,4,-TETRAPHEN YLBUTADIENE 
(Scintillation Grade) 

M.P. 203-205° C 

Fluorescence Max. 4320A 
CADMIUM PROPIONATE, Anhydrous 

M.P. 182-185° C 

Solubility. 12g per 100 mi. of 1:9 metha 

nol-toluene 


Available from _— stock . write to 
Dept. ‘‘K’’ for free booklet on these 
products. 





Sales Agents in NYC, Chicago, San Francis 
Mexico City Basle, Milan, Rotterdam 
London, Copenhagen, Seine, and Sidney 





ARAPAHOE CHEMICALS, INC. 


i BOULDER, COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 
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INDUSTRY NOTES 


@ Spencer Chemical Co., Kansas, has 
General 
10,000 Ib 


been awarded a contract by 
Electric Co. to supply 
eramic-grade uranium dioxide to be 


fuel for the 


about 
ition ol 


Eureka, 


@The Advanced Systems Develop- 


ment div., of Pneumodynamics Corp., 
I Segundo, Cali has been con- 
tracted by AEC to test the integrity of 

itainers to Db ised for low-level 
radioactive waste disposal at sea. 
Containers Vill be submerged to 


1.000 fathoms (6.000 feet) in an area in 


the Santa ( Basin—32 miles from 
Port Huene1 Calif.—and will be 
tograpl t letermine structural 
havior of t irious types to be 


tested. Edgerton, Germeshausen and 


Grier, 


Inc., Santa Barbara Call 


Inder su T t pre a 
hotog! radiolog healt 
@A \ s90-ton 1 ote-sel ng 
syst the Experimental Gas 
( R t EGCR) being 

ti Oak Ridg « built 


1 " n ion ontract: Db 
McKiernan-Terry Corp., Harrison 
N. J. Allis-Chalmers Mfg. Co. cl 


sD } sube 


+ 


COMPANY ACTIVITIES. New 
ties in Waltl Miass., have beet 
Baird-Atomic, Inc., Cam 


Gobain, Frat nas grouped its 


SUDSI¢ " 
UDSIial 


Saint Gobain Nucleare, with a $5-mi 


pita t CERCA (Com- 
genie pou Etude et la Realisation 
Combust At jues) has plans 
it ! 1962 i ruel 

tior lant near Grenoble tor 


tural-ur elements Sin- 
Chromally Corp. has 


tercast 


from its Yonkers. N. Y. plant 

12 000 f ties at 17] W 
Stern Hig West Nvack, N.Y 

Malinckrodt Chemical Works, St 

Louis nas to reorganize wong 

that ' = 

stu P rogra +) 
ted r} ne divisions 

ited: Industrial, Medicinal and 

Nuclear The nuclear di vill be 
ided by Charles D. Harrington 

General Electric Co., seeking to 





develop better fuels and materials | 

nuclear power plants, has expanded 

ind entralized its Atom Power 
Equipment dept.’s chemical and meta 

ata? iborat under a S1LOO.000 

gran This expansion and lal 

tor i t iddition to Gl 
$1.3-million Chemistry and Meta 

irgV Laborate it Vallecitos which is 

ompleti Loral Elec- 


tronics Corp., | Radiation Applica- 
tions Inc., ( New York 

stil | | t ‘ tur Radi- 
lt estiga 


; 


ation Materials Inc. 


Allis-Chalmers 

| ry 

M&C Nu- 
| 


NEW BUSINESS. 
Mfg. Co.'s At 


\I 


clear Inc., Att Vas 


(yf Tracerlab, In 


ryt 


Br Fansteel Met 


allurgical Corp., N. Chicago, | 


Fansteel, 


A.G. s 


Edlow Lead Co., 


; 


Deuterium Corp., 
| } 


~ 


FINANCE. 


t 


0.000 il of its 
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NEWSMAKERS 


@ Ralph D. Bennett, manager of Gen- 


eral Electric’s Vallecitos Atomic Labo- 





rate 
=ts)} } | 
| et } 
turn t 
\l ! 
+} 
("¢ Before 
t t \ 
Bennett mal Bennett 
v department at 
Ix \t P Laboratory at 
s H t the staff of the 
\I iwetts Institute of Technology 
940 I olds the U.S. Legion of 
\l N \leritorious and 
[isting hed ( n Ser Award 
W. Kelly Woods s been appointed 
‘ : 1 | ee 
@William C. Burch, recently 
t! ! Cay NH 
_ Austria lor 
\ y ave 
t Internationa 
gy A LH issist 
struc 
t ind 
{ Nuclear 
Pel ! 
RB f 
AA t 
@ Melbourne A. Forrest, resI- 
| sand 
i ( been 
Lire 
| 
t ! 
@ John H. Harley en name 
(hee H th and Safety 
H 
S. Allan 
Lough 
7 or 
\T \ 
, Harley 
19490 
¢ e ( of the Labora- 
\ t B I In 1959 he 
tor of HASL 
Vol. 19, No. 3 - March, 1961 





@logan B. Emlet has been appointed 
vice-president of Union Carbide Nu- 
clear Co., a division of Union Carbide 
Corp. He has been general manager of 
production at AEC’s Oak Ridge Labo- 
ratory, and Paducah gaseous diffusion 
AEC by 


plant, operated for Union 


Carbide. 


@Robert C. Hammersmith, assistant 
manager of construction for Kaiser 
Engineers, has been » 

named the resident 
manager ol the 
AEC’s New Pro- 
duction Reactor 
project at Hanford 
Washington. He 
succeeds the late 


John H. Tacke. 


Hammersmith 





Was 


Hammersmith 


chief construction 
the 
plutonium production 


reactors at Hanford, completed in 1955 


engineer for Kaiser during con- 


struction of the 


@J. Donald McBride 


has been ap 


pointed the deputy chief of the Plans 
and Policy Branch, Division of Mili- 
tary Application at AEC’s German 
tow! Md. Headquarters. He was 


formerly the deputy director of the 
Budget and Finance di it the Savan- 
nah River Operation Offices 

@ John T. McGraw, formerly general 
\iontebello aiv., of 


Industries, Ine 


manager of the 
U.S named 


Vard diy 


has been 
director of engineering for the 
of Royal Industries, Inc Pasadena 
Cali He 


development 


will be responsible for the 


and manufacturing of 
precision equipment tor nuclear and 
werospace industries 

@Rudolf L. Mossbaver has 
awarded the 1960 


Award by the 


been 
Research ( orpora- 
tion California Institute 


of Technology and Research ¢ orp., a 


scrence Toundation Hy Vas cited for 
his discovery of the gamma-ray-reso- 
nance effect that bears his name NU. 


Jan. ’61, 52). 


lirector and 
\] ( -spon- 
rch Facility 


@ Ralph P. Stein, former!) 
technical advisor to thi 
sored Heat Transfer Rese: 


University 


it Columbia has assumed 


his new post as advisory engineer and 
manager of the heat transfer section 
engineering dept., of Nuclear Develop- 


ment Corp. of America 








ROCKETDYNE 


in Southern California 


BUILDERS OF POWER 
FOR OUTER SPACE 


is expanding its efforts in 


ELECTRICAL 
PROPULSION 


(new, well-equipped laboratory 
is nearing completion) 


PHYSICISTS & 
ENGINEERS 


are required to meet a rapidly ac- 
celerating schedule for test firing 


ELECTRICAL THRUST DEVICES 
Needed in particular are: 


PHYSICISTS to act as project 
leaders to plan and carry out phy- 
sics research projects vital to the 


early development of electrical 
thrust devices for propulsion of 


deep space missions. 


ENGINEERS to design and test 
complex electrical propulsion 


devices, many of which will chal- 


lenge the ingenuity of even the 


best engineers. 


Address professional 
resume to: 

Mr. C. H. Stoetzel 
Professional 
Employment Office 
6633 Canoga Avenue 
Canoga Park, California 


ROCKETDYNE #2 


DIVISION OF NORTH AMERICAN AVIATION, INC 
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The Kaman Pulsatron for physics research and education uses specially- 
designed H? foil targets developed and produced by United States Radium 
Corporation. 

U.S. Radium’s tritium foil makes possible the generation of high neutron 
fluxes in a compact, versatile unit eliminating the need for costly reactor 
installations. Tritium foil, bombarded by deuteron projectiles, produces 
copious supplies of neutrons for activation analysis, oil well logging, gas 
chromatography and related applications. 

Tritiated foil targets are immediately obtainable from United States 
Radium stock. Standard backings are either stainless steel or copper; 
standard tritium concentration is 1 curie/sq. in. Custom targets available 
on special order. 

Request Bulletins 20.70 and 20.70B. 


united states radium corporation 


MORRISTOWN, WN. J. 


Offices: Chicago, I\linois and North Hollywood, Calif. Subsidiaries: Radelin Ltd 
Port Credit, Ont., Canada and U. S. Radium Corp. (Europe), Geneva, Switzerland 
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Newsmakers 
Department starts on page 141 


@ Walmer E. Strope has been appointed 
associate scientific director of the U. 3. 
Naval Radiological 
Defense Labora- 
tory in San Fran- 
cisco. He replaces 
Eugene P. Cooper 
who was appointed 
scientihe director 
last July. Strope, 


who joined the lab- 





oratory in 1948, Is 


Strope 


a recipient of the 
Navy Distinguished Civilian Service 
Award for his contributions to atomic 


defense. 


@ Allis-Chalmers Mfg. Co. has ap- 
pointed John L. Ficken assistant engi- 
neer in the Thermal Power dept., and 
Frederick J. Ross engineering assistant 
in the Nuclear dept 


@ New officers elected to the Council of 
Cern (European Organization for Nu- 
clear Research) for 1961 are: Jan 
Willems (Belgium), president, succeed- 
ing Francois de Rose of France 
Edorado Amaldi (Italy), and Jan Hen- 
drick Bannier (Netherlands vice- 
presidents; Cecil Powell (United King- 
dom), chairman of the Scientific Poli 
Committee; and W. H,. Alexander Hoc 
Federal Republic of Germany), chair- 


man of the Finance Committee 


@General Electric Co. appointed 
Robert P. Gleason, safety engineer 
health physics and safety at Knolls 
Atomic Power Laboratory; Eugene W. 
O'Rorke, manager of the newly estab- 
lished irradiations service Operations at 
Vallecitos Atomic Laboratory; William 
H. Long, manager of new applications 
and contracts section of GE’s Aircraft 


Nuclear Propulsion dept.; Eugene T. 
Hubbard, manager of operations ot 
GE’s test reactor at Vallecitos; W. N. 
Mobley, manager of manufacturing, 
fuel preparations dept., and Charles 
M. Salina, electrical component man- 
ager at the Hanford facilities. 


o 


@ Niagara Mohawk Power Corp. has 
assigned Gerald K. Rhodes to its Nu- 
clear Engineering staff. Rhodes was 
formerly sales liaison specialist of nu- 
clear systems with the Atomic Energy 
div. of Babeock & Wilcox Co., New 


York 
March, 1961 - NUCLEONICS 





SCIAKY... 


' FIRST IN ELECTRON BEAM 
WELDING 





Advanced 
Sciaky Design 
Combines 
Research and 
Production Capabilities 
into One Machine 


If you’re interested in electron beam 
welding, here’s why you should investi- 





gate Sciaky machines 


SCIAKY ELECTRON GUN DESIGN... 


Simple, rugged and compact! Excep- 
tional electron optics produce beam 
density previously possible only with 
accelerating potentials as high as 
100,000 v. The Sciaky gun, entirely 
contained within the atmosphere of the 
welding chamber, will operate in any 
angular position. Both gun and fixture 
can be moved to any position within 
the chamber while welding. Advanced 
focusing design results in welds with 
‘ @ 12 to 1 depth to width characteristics. 


SCIAKY PUMPING SYSTEM... 


Fast and efficient! Depending on cham- 
ber, only 3 to 10 minutes are needed to 
evacuate chamber to welding pressure. 
Pumping sequence is completely auto- 
matic with built-in safety devices. 


SCIAKY SAFETY... 


Unmatched! Low voltage (30,000 v. 
maximum) and highly refined chamber 
design eliminates x-ray hazards, which 
are a severe problem with higher volt- 
age equipment. No costly shielding is 
needed 


Call or write for details of these and 
other Sciaky machine features. Regard- 
less of your specific area of interest, 
you'll find Sciaky’s combination of 
extensive welding experience and ad- 
vanced electron beam technology to be 
helpful 





80C6102 


Sciaky is Exclusive Licensee under the Stohr U.S. Patent 2,932,720 


Please write for information — without obligation, of course! 





SCIAKY BROS., INC., 4944 WEST 67th STREET, CHICAGO 38, ILLINOIS e PORTSMOUTH 7-5600 
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EMPLOYMENT OPPORTUNITIES 


INTERNUCLEAR COMPANY. . 


OFFERS YOU . . . . Participation in a small aggressive company with 
world-wide engineering design and consulting ac- 
tivity in the field of nuclear and space technology. 


IN PARTICULAR . . EXCELLENT SALARIES 
THREE WEEKS VACATION 
SICK LEAVE BENEFITS 
MAJOR MEDICAL INSURANCE 
HEALTH AND ACCIDENT INSURANCE 
LIFE INSURANCE 
TRAVEL INSURANCE 
EDUCATIONAL BENEFITS 
RETIREMENT PLAN 


AN OPPORTUNITY . FOR APPLIED MATHEMATICIANS 
SCIENTIFIC PROGRAMERS 
APPLIED PHYSICISTS 
REACTOR MECHANICAL ENGINEERS 
REACTOR PHYSICISTS 


call or write O. J. Elgert, Technical Director 








. é internuclicar 
= 7 N. Brentwood Blvd. 


GO© Cun) [2 CC] i S7 Clayton 5, Missouri 























after the city, before the state 
the ZONE keeps your mail from being late 


The Post Office has divided 106 cities into postal delivery 


zones to speed mail delivery. Be sure to include zone number 
when writing to these cities; be sure to include your zone num- 


ber in your return address — after the city, before the state. 





See eee eee ae 
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NUCLEAR 


CALENDAR ed 

March 9-10 ~ ond Symposium on kin- Po q 
gineering Aspects of Magnetohvdro- 
dynamic { ersity of Penna 
Philadel pl} Pa Unive f Vu- 
é Sponsor ALE] IAS, and 
hI Contact: Hunter P. MeCart 
re P 1) t Burroughs 
Corp. | | 872, | 
p 

March 20-23 \ \ Internationa 
Conventio the Institute of Radio 
Engineer p York Wald 1 

t Hote \e } Co 
Sponsor: [RI ( act: | = I 
tt, IRI | Mths New York 
24. m3 
March 28-29 ' n | Sy1 
ium \ Nucleas ~ 
1) l Statler-H H 
( i I 1 | Burk} 1, ( 
1, No. s ANS, ¢ 
Fort We 

April 10-141 t International Con 
ference oOo! letection nd | 
| im inthe Pl i | 
Soler Vient \ < 
l rm I \t | gv Ag 
( LAA ly Ring 
\ \ % 2 

May 8-10 \ N Ler 
pace Ele ( 1) 
ton Chin V 
Hote Pape re | ( 
tact: I 1 ( St ( 

| ( tt | ) 
‘a N \ . \ 

May 11-13 \ Rad Ss 
Annu Mleeting, Colorado 8S z 
Colorad Broad Ho Sy 

r: A Rad So Cor 
t 1) ( ( ( st n se 
$50 Engle St g a, N. J 

May 15-17-—1 on | ~ 
Annual Me g, Washing D>. 
Shera Pp Spon I 
I S Cont | I 
Powe! ~ reas 1) 

Biolog Med i l 
Argo! \ onal Lal 
Argor I 

May 15-20 Nucl 

Klectror iad t 

nite g iments | Z 
Yug t Sponsor Intern I 
Atomu | Agen ( i 
[AKA I er I \ ma | 
Austri 

Aug. 28-Sept. 1—-Fifth International P > 
Conference Ionization Phenomena 
n Gases, Munich, Germany Con- 
tact: Sekretariat, Munchen 1, Oskar- 
von-Miller-Ring 18, Germany 
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NUCLEAR / MECHANICAL ENGINEERS 


First Nuclear Powered Flight 


Scheduled For Mid-60’s... 





VIEW OF 

REACTOR CORE, 

used in HTRE-3 

Ground Tests ot Direct 

Air-Cycle System. Hexag 

onal fuel tube-moderator 

bars of hydrided zirconium as 

sembied from center outward. Each 

tube receives single fuel cartridge 
ACTIVE CORE contains 150 moderator 
bars.) Small tubes standing alone hold 
yntrol rods of clad europium. Reflector blocks 
of beryllium at periphery 


A DECADE OF MAJOR 
ADVANCES IN REACTOR 
TECHNOLOGY BROUGHT 
DIRECT-AIR-CYCLE TO 
“FLYABLE” STAGE 


An important criteria in General Electric’s 





New positions created with General Electric now pushing ahead on 
flyable prototype of proven Direct-Air-CyclePropulsionSystem - 


original decision to develop an air-cooled 
reactor system for the flight propulsion 





“It’s no longer a question of ‘can we build 
a practical nuclear power plant for air- 
craft’— but —‘when do we fly it?’” says 
David F. Shaw, General Manager of Gen- 
eral Electric’s Aircraft Nuclear Propul- 
sion Department. 

December, 1960 saw the completion of a 


series of ground tests (HTRE-3) which 
onclusively that G.E.’s 
Direct-Air-Cycle reactor can operate suc- 


demonstrated 
cessfully as heat source for conventional 
turbojet engines. 


Now it can be told... 
Now G.E. can reveal some of the impor- 
tant achievements scored by the Direct- 
Air-Cycle program: engines started and 
brought up to normal operating perform- 
ance on nuclear power alone; proof that 
power distribution in reactors can be flat- 
tened 10%. (For some actual perform- 


ance figures, see chart at right.) 


Today G.E. engineers and scientists, under 
Government contract, are designing a high- 
performance Direct-Air-Cycle aircraft 


nuclear power plant. Concurrently a de- 


velopmental aircraft being designed. 
Both are scheduled for flight inthe mid-60’s. 
Long Range Future for 
Reactor Systems 
Flight testing is just a beginning. Much 
will be learned after the nuclear powered 
plane gets into the air. Progress from 


program was the desirability from an 
engineering standpoint, of overall 
systems simplicity. In order to achieve it, 
G.E. engineers accepted the corollary 
requirement of pioneering a new regime 
in high temperature reactor technology. 
This challenge was met. Reactors capadle 
of delivering air at temperatures of 
1600° F were achieved. 





there on is immeasurable. While the first 
prototype is scheduled for a high-perform- 
ance, high-payload, subsonic aircraft, 
nevertheless — with the technology now in 
hand —the potential exists to power a 
supersonic as well as an extremely high- 
payload subsonic vehicle. Other applica- 
tions are in the offing: nuclear ramjets 
and rockets; space auxiliary power; en- 
ergy for space propulsion (ion and mag- 
netic engines); compact high-performance 
reactors for a variety of applications. 


Long-Range Opportunities for Design 
Engineers: Nuclear, Mechanical 


with nuclear experience — 





Weight also was a key problem. Through 
research and development G.E. engineers 
have designed nuclear engine systems 
roughly 50 times better — in power-to- 
weight ratio — than in nuclear submarine 
power plants. 





EXTRACTS FROM PERFORMANCE 
DATA RECORDED IN HTRE-3 AT 
IDAHO TEST STATION 


Predicted Measured 


Upper level positions for engineers with Max fuel element 


suitable background in Shielding, Reactor temp ....... (°F) 1,880 1,900 
Design, Control Design, Powerplants, Max moderator 
OE vacenad (°F) 1,175 1,120 


Thermodynamics. 
% Max temp discharge 


air from fuel (°F) 1,640 1,640 
Average temp 

discharge air 

from fuel ...(°F) 1,430 1,435 
Reactor pressure 

aoe (psi) 6.05 6.2 


without nuclear experience — 

While experience in nuclear design is 
desirable, the engineer experienced in 
other fields of design (automotive, loco- 
motive, aircraft) can adapt his skills 

readily to reactor components, working ae 

with G.E. experts in this field. Competent, turbine ....(psi) 10.8 9.3 
inventive-minded men can go right to 
work on design optimization of reactor 
structures. 





NOTE: research and development 
for the Direct-Air-Cycle power plant 
has yielded many valuable 
by-products for other nuclear 
programs including: Pluto, 
Rover, Snap, Tory II, the 
Army reactor program and 


> If you have an interest, and qualifica- 
tions in these areas, write in confidence to 
Mr. George Hunsinger, Manager, Pro- 


fessional Personnel, Room 48-MC. 


AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 


GENERAL ELECTRIC 


P.O. Box 132 Cincinnati 15, Ohio 


many civilian reactors. 


He 








EMPLOYMENT OPPORTUNITIES 





RESEARCH —aclocn & Reacto 


PHILLIPS has excellent career opportunities for experienced scientists in the 
fields of experimental nuclear physics, reactor core design, advanced test reactor 
concepts, fuel element development, reactor instrumentation, radiation measure- 


ments, and reactor kinetics. 


Facilities include the ENGINEERING TEST REACTOR (ETR MATE- 
RIALS TESTING REACTOR (MTR SPECIAL POWER EXCURSION 
REACTOR TESTS SPERT EXPERIMENTAL ORGANIC COOLED 
REACTOR (EOCR), and several LOW POWER REACTORS 

Current Openings 
EXPERIMENTAL PHYSICISTS (NUCLEAR INSTRUMENTATION) 
Physicists with experience in nuclear instrumentation, reactor physics or radiation measurement 


techniques and design of nuclear instrumentation and automated data reduction systems 


SENIOR REACTOR PHYSICISTS 

Ph.D. Physicists (reactor experience desirable but not 
direction, interpretation of results and report preparation 
three low-power research-type reactors. 


experiment planning and 
with programs employing 


essential) for 
n connection 


SENIOR PHYSICISTS 

B.S., M.S., or Ph.D. level Physicists (experience desirable but not essential) 
theoretical work in nuclear physics including fission physics and energy level 
chopper and crystal spectrometer, solid state studies with siow neutron phased 
selector, reactor calculations and reactor engineering 


for experimental and 
studies with fast 
rotor velocity 


SENIOR PHYSICISTS AND MATHEMATICIANS 
Needed to direct the analysis and interpretation of experimental! 
ciated with our Special Power Excursion Reactor Tests (SPERT) 


reactor kinetics dofc as asso 


PHYSICISTS, ENGINEERS OR APPLIED MATHEMATICIANS 
B.S., M.S., or Ph.D. level with experience or aon interest in developing and applying calculational 
techniques to a system of high-flux testing reactors and precision reactivity measuring facilities 


ELECTRONIC CIRCUIT DESIGN ENGINEERS 


Several years’ experience and graduate training desirable for challenging circuit design problems 
in computer techniques, data accumulation, pulse amplifiers and fundamental physical measure 


ments. 
CHEMICAL OR NUCLEAR ENGINEERS 
Graduate level engineers with background in heat transfer and fluid flow to perform experi 


mentation, calculations and design studies 


RADIO CHEMISTS AND NUCLEAR CHEMISTS 
At all levels of education and experience needed for 
ments and research. 


analytical and remote laboratory experi 


The continual addition of more advanced experimental reactors and related facilities at the 
National Reactor Testing Station gives real challenge to the applied reactor physicist 


or mathematician and opportunities for advancement 


engines 





ATOMIC ENERGY DIVISION 
Phillips Petroleum Company 


Personnel Administration 
P. O. Box 2067-EH 
Idaho Falls, Idaho 


for 
POSITIONS 
in the 
NUCLEAR 
FIELD... 


WRITE US FIRST! 
Use Our Application 
No Resume Required 


Our national coverage and 
technical experience in 
the nuclear field offers 
the maximum opportunity 
to achieve your goals. 





Confidential Handling 
Employer Pays Fee 
Write: Arthur L. Krasnow 


PERSONNEL, INC. 


1518 Walnut St. « Phila. 2, Pa. « PE 5.4908 
An Employment Agency for the Nuclear Field 


ATOMIC 





Expanding Nuclear Instrument 
Development Laboratory 
Requires 


Experienced Electronic 
Equipment 
DESIGN 
ENGINEERS 


to Design Transistorized Resear 
and Medical 


Instruments 


Only Qualified Men with a B.S. De 


gree and a Minimum of Three Years 
Experience in the Transistorized Ele« 
t nic Equipment Field Need A 
Send Resume to 


Tullamore Electronics Corp. 
6726 S. Ashland Ave. 
Chicago 36, Illinois 














U. S. ATOMIC ENERGY COMMISSION 

NUCLEAR SCIENTIST—SNAP PROGRAM 
AEC STAFF VACANCY 
ing reactor program. The SNAP program, now in its infancy, is concerned 
with application of nuclear power to Space needs. Experience in Nuclear 
engineering required. Salary commensurate Submit 
detailed resume or Application for Federal Employment, Form SF-57 to 


U. S. ATOMIC ENERGY COMMISSION 
Canoga Park Area Office 
P. O. Box 591 
Canoga Park, California 


Interesting and challenging work on expand- 


with qualifications 
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{DDRESS BOX NO. REPLIES TO: Box 
( hed Ad D th publication 

Send t fee nea u 
VEW YORK 36: P. O. BOX 12 
CHICAGO N. Michigan Ave 


SAN FRANCISCO 11; 255 Calif .) 


POSITIONS WANTED 


Physicist—B.S.—8 years experience (Q clearance 


acd ac ve decontamina 
et labo at i 

act administra ! two publication \va 
Box 18511, Atlanta % 
Research Technician seeks employment about mid 
imiith ! cari tai i‘ l Z t f T 
the nuclea 


ther type elopment k. PW 


SELLING OPPORTUNITY WANTED 


Established Sales Engineering Firm 
ngiand nuciea meta and esearch ndu 


RA-6084, Nucleon 


serving New 


seek additiona ne 


SELLING OPPORTUNITY AVAILABLE 


Nuclear equipment manufacturer and engineer 
pecializing in irradiation and hot cell equipment 
hipping container and nuclear devi c D 
ale agent ypen territories (mid-west, N.Y 

N.J Ne England Pennsylvania, Washinetor 
DA Radiation Product Inc Fe. 4 Rd 
Flushing, N.Y 


NEW ADVERTISEMENTS 


February 27th 


ssue subject t pace 


New Advertisements received by 
appear nthe March 
Classified Advertising Div N 


Box 12, New York 36, N.Y 


i 
available 
ynaie P.O 
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PHYSICIST OR 
PHYSICAL CHEMIST 


Theoretical work in the 
energy conversion field. Solid 
tate physics, reaction kinet 

nd relativistic quantum 
theory. Familiar with nuck 
onic Re quires Ph D ol 


equivalent 


NUCLEAR ENGINEER 


By rn and development 
cele” in energy conversion 


field. Reactor analysis, 
idvanced nuclear propulsion, 
compact power reactors 
Familiar with exotic materi 
als, thermionics. Requires 
M.S. or equivalent 
The men selected for these 
tions will be required to 
conce é and l¢ ad neu energy 
co? rsion concepts 

nd resume te 

R. W. Stoner 

(hietf ol Advanced Concepts 

Vought Aeronautics 

P.O. Box 5907 


Dallas 22, Texas 


CHANCE ele) AERONAUTICS 
VOUGHT CAL) DIVISION 


Vol. 19, No. 3 - March, 1961 











EMPLOYMENT OPPORTUNITIES 


Oo Reems anes Lt mer se - ~_ cme 4q 


| 
Following pioneer achievements in reactor power 
plant developments, The Knolls Atomic Power 
Laboratory is now studying major problems in 
reactor and power plant simplification. Solutions 
to be achieved may considerably advance nuclear 
reactor applications. 


Working on unique developmental problems at 
KAPL, engineers and scientists have access to an 
unusually broad range of specially-designed ex- 
perimental and test equipment...as well as the 
advantages of inter-professional consultation 
with experts in a number of related fields. Ad- 
vanced nuclear studies are available at both the 
Laboratory and nearby ease -t5 


FOR NUCLEAR ENGINEERS AND SCIENTISTS 


a You are invited to inquire about openings in: 





Power plant test and analysis / Instrumentation 
controls design / Power plant equipment design / 
Reactor nuclear analysis / Theoretical physics , 
(PhD) / Experimental physics / Statistical meth- | 
ods application (PhD) / Reactor mechanical 
design / Hydro-thermal engineering computations 

Coolant technology / Reactor service equip- 
ment design / Numerical analysis / Electrical 
systems design. 


Power Cagney Please send resume —including salary require- 
OPERATES FOR AEC OY : . . 


ment—in strict confidence to Mr. F. W. Snell, 


Dept. 48-MC. U.S. Citizenship and appropriate 
t LEC TRIC engineering or scientific degree required. 


henectady, New 


WINCHESTER LABORATORY 


Is conducting a long term program of basic work in 
Physical Chemistry, Radiochemistry, and ecology of 
natural radioactivity (heavy elements). 


There are openings at Junior, Senior, and Group 
Leader levels in the following areas: 
. Physical Chemical and Tracer experimentation. 


. Methods development for radio-chemical analy- 
sis of complex systems. 


3. Radiometric instrumentation applications. 


. Environmental and ecological studies, specific 
orientation to radiological problems. 


LOCATION: Boston Suburban: 


Easy access to Boston and New England 
educational and cultural activities, and to 
ocean, lake and mountain resort areas. 


SEND RESUME TO: 


Technical Director 


WINCHESTER LABORATORY 
NATIONAL LEAD CO., INC. 

BOX 151 A 

WINCHESTER, MASSACHUSETTS 


147 











y 4 SYSTEMS MANAGEMENT—Salary $20,000-+- 
One of our major clients needs three men 
capable of management in the systems concept 
of very broad projects in the following fields 
Reactor Lctansed sae emote sees, st tom fy 
municatons and ruUNntermeasures Administra 
tive experience a must. Company client assumes 
all employment expense 
Esquire Personne! Inc 


2. 
Operations 202 South State Street, Chicago 4, IIlinois 
~ 











r 
ul 


Supervisors 
WHERE TO BUY 





Will have project responsibility for operation of nuclear Featuring additional products, special- 
power plants at Sundance, Wyoming and McMurdo ties and services for Atomic Power, 
Sound, Antarctica (PM-1 and PM-3A plants). Nuclear Engineering and Applied 
Experience required. (Several years of operating and ae 

supervisory experience in the start-up and running of = = 
pressurized water nuclear power plants). —__ _ 


Appropriate engineering or scientific degrees, plus pre- 
vious reactor operator's license required. 4 

e4 
a 


NEUTRON ~ > 
WRITE giving brief outline of your education and experience to: Shielding Lx FAG 


MR. J.W. PERRY Director, Nuclear Staffing * hi lo 513 
The Martin Company Baltimore 3, Md. Windows . sl ai 


Salary commensurate with experience. 





dnnouncing Gadolinium glass originated 
by Penberthy, Gadolinium glass permits 
direct’ viewing with mixed neutron and 


gamma radiation. 
PENBERTHY INSTRUMENT CO. 
6701 Maynard Ave., Seattle 8, Wash 
PArkway 5-51400 
















NUCLEAR DIVISION TRITIATED TITANIUM FOIL 


gS -_ =e as beam target in neutron generators, 
J ion producer (gas chromatography, 
IU ZA —— 2 TT” 7 Re static eliminators, vacuum gauges ion- 
ization tubes). Tritium content: ap- 
B A ie aia M O R E proximately 1 curie/in.? (or to require 
Ce ments). Backing: 2 mil stainless 
other metals and thicknesses available 
- —— - on special order. Also DEUTERATED 
] TARGETS. ADDRESS IN 
QUIRIES TO 
( & ) RADIATION RESEARCH CORPORATION 
a, 





1150 Shames Drive 


— Westbury Industrial Park, Westbury, N. Y 


j “First in Nucleor Batteries” 

















and we need an outstanding scientist and manager to assume full —— — 

responsibility for the direction and coordination of all our te¢ hnical = = 

activities. The man we seek is mature, between 35 and 45, has a : PROFESSIONAL : 

Ph.D in chemistry or physics and some knowledge of biology, has — SERVICES = 

substantial nuclear or tracer experience and management ability ——m Fa 

as demonstrated by successful industrial positions. The position title 

‘ ; . ASTRA, INC. 

will be Technical Director or Technical Vice President. Com- Consultants For Industry & Government 

Nuclear: Nuclear Analysis, Reactor Specifica 


pensation, which is open, will include a substantial stock option. ae a a oe Cee Se 
Space: Radiation Effects, Propulsion, Satellite 

Power Plants, Planetary Simulators 

Advanced Technology Heat Transfer, Stress 


Addreé Ss inquirte s§ to: Analysis, Thermodynamics, Electronic Data 
Processing, Cryogenics 
Raleigh, N. C. VAnce 8-4386 Cable: ‘‘ASTRA™ > 








Mr. R. A. BrIiGHTSEN, President 
NUCLEAR TECHNOLOGY CORPORATION 


Nuclear Science and Engineering Corporation 
Consultants to the Nuclear Industry - 

Pp. O. Box 10901 Reactor conceptual design, reactor physics . 
heat transfer and fluid flow, shielding, reactor ? 


tte " 26 . levans mechanical design, hazards evaluation, nuclear 

Pittsburgh 36, Pe nnsylvania economics, reactor evaluation, computer tech 
mques 

President, Joseph De Felice 


Irvington, New York LYric 1-8820 
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The SL-1 Accident—on Balance 


In the SL-1 accident of January 3 the nuelea 


industry has suffered its first fatal reactor accident 


NUCLEONICS 


I 


While it may seem obvious, the very fact that that 


accident did occur is its first lesson for us 
Indeed it was inevitable that there would be 
first fatal accident—it is equally inevitable that 
there will be more. 
hazards reports to ‘maximum credible accidents 
still leaves open the possibility of some perfectly 
credible, very obvious accident mechanisms that 
are neglected in the necessarily finite considerations 
We feel that the initiating 


cause of the SL-1 accident will prove to be some 


of such hazards reports. 
thing quite simple—but, along with other condi 
tions of the shut-down reactor, something not 
explicitly guarded against in the reactor design 
We feel equally certain that even when this pat 
ticular class of barn doors is locked—as it and 
there will be 


\ecidents u 
occur in the nuclear industry as indeed they do in 


others that we know about should by 
other opportunities for accidents 
all fields of human endeavor. Our industry must 
strive, as it has in the past, to make our safety 
record as good as possible, but no man’s thinking 
should be based on the assumption that there will 
absolutely be no reactor accidents 


150 


All of our careful attention in 





But even as we recognize that reactor ace ck 1 


will occur we must not let their inevitability distort 


our thinking about safety Che nuclear field has 


always been characterized DV great 


eoneceertu Tor 


salety almost a supersensitlveness on this score 


This has obscured for us the fact that, whether we 


do if consciously or hot balance Is STrTUCK 


spre 
between the amount of cost and inconvenience one 
ident rate one 1s willing 


is Willing to incur and the ac 
Such a balance struck in every field 


The outst 


to tolerate 
of human activity nding safety record 
in nuclear operations shows we have set the balance 
pot much farther in the direction of safetv than 
most industries Now with the SL-1 accident 

and recent siting controversies——there’s the danget 
that we may be swaved to move the balance point 
still further 


too Tal In the direction of satety If 


this were carried to an extreme the fatal SL-1 


accident could be fatal to the nuclear industry 


In a less than complet lv rational societv these 
balance points are set in part by contests ol will and 


spirit Now ts the time for those of us who believe 


; 


in nuclear power to show some spirit, to see to 


that our great concern for safety and our achieve 


ments mh satety ire recognized by legislators 


judges and the public at large 
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o aq RADIATION ; 
il EFFECTS 
TESTING 


Address: Lockheed Nuclear Products, 1500 North- 
side Drive N. W., Atlanta 18, Georgia. 


LOCKHEED ©SSonrGils 





Victoreen, the first name in radiation 
measurement, is delivering the last 
word in multi-channel analyzers—the 
Tullamore-designed Model ST-200D 


8 200 or 400 Channel ferrite core memory 
8 Dual input—Simultaneous data accumula 
& Subgrouping and bi-directional! logi 
® Parallel or serial readout — Wide se 
readout devices 
8 Visual display and readout 
both simultaneous 


& Simultaneous linear 


RCA SERVICE COMPANY 
A Division of Radio Corporction of A 


Ve asl OD 


5806 HOUGH AVENUE e CLEVELAND 3. OHIO 


EXPORT: 240 WEST 17TH ST. © NEW YORK 17. NEW YORK 
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